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INTRODUCTION 
Hypomagnesaemia (grass tetany) of ruminants probably does 
not command significant attention and concern in the United 
States as an animal disorder at the present time. Extensive 
research has been conducted in Europe, especially in the 
Netherlands, where grass tetany has been a severe problem for 
many years. However, animal losses from hypomagnesaemia and 
research programs oriented directly at the problem have not 
received a similar level of high priority in the United States. 
In Iowa the situation may be in the process of change. 
Clinically dia~nosed fatalities due to tetany, along with the 
concerns of livestock producers and veterinarians in this re-
gion, are on the increase. 
Perhaps the principal factors generating this concern are 
changing technology and agronomic practices. Resistance to 
induction of tetany has long been viewed as simply maintaining 
a minimum level of magnesium (Mg) intake in forage and a 
minimum blood serum Mg level in the animal. Furthermore, it 
has been suggested that a proper balance among potassium 
( K), calcium ( Ca), and ~Tg intake is essential. In our previ-
ous forage management systems these minimums and balances have 
usually been achieved naturally. 
More recently though, our forage research programs have 
begun to reveal new levels of potential production based al-
most entirely on large increases in fertilization. These 
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levels of nitrogen (N) and K fertility may be upsetting the 
natural balances of Mg which have formerly precluded us from 
severe outbreaks of tetany. 
This study of cation concentrations shall therefore be 
directed at attempting to discern which levels of fertility and 
which combinations of environment and soil conditions are con-
ducive to the induction of hypomagnesaemia in Iowa. 
We must realize from the beginning, however, that there 
is an inherent limitation on the interpretation of cation 
data. That is, we have excluded the most important biologi-
cal factor by not having fed the forage to the ruminant animal 
and observed any adverse effects. On the other hand, we do 
have several criteria based solely on plant cation concentra-
tions which have been successfully used as indicators of 
tetany or nontetany prone forage. Although these plant cri-
teria are not universally accepted, this paper will rely on 
them as reference points for interpretation. 
It is hoped that data and results presented herein will 
significantly contribute to a greater understanding of plant 
cation relationships and hypomagnesaemia risks, and that their 
application to aspects of grass tetany may contribute to a 
prevention of the problem before major animal losses occur in 
Iowa. 
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LITERATURE HEVIEW 
Grass tetany (hypoma5nesaemia) has been a serious problem 
to livestock producers in certain areas of the United States. 
Isolated but serious reports of tetany have been received 
from Western, Southern, and Midwestern states. Horvath (1959) 
cited outbreaks of tetany in 1Nest Virgina involving mature 
beef cows on an orchardgrass pasture. Singer, Grainger, and 
Baker (1958) also reported the occurrence of grass tetany in 
Kentucky. In Georgia, grass tetany in 5-7 year nursing cows 
on small grains was reported by Miller (1965). He also cited 
reports of tetany in Nevada, Idaho, and Utah with beef cattle 
on crested wheatgrass. Hjerpe (1964) reported tetany deaths 
to be as high as 20% of some herds in California during 196J-
64. Crookshank and Sims (1955) cited reports of wheat pas-
ture poisoning in Texas and Oklahoma. Tetany occurred pri-
marily in mature cows either in the late stages of pregnancy 
or with a calf. Symptoms developed 60 to 150 days after the 
start of grazing on winter wheat. These specific examples 
suggest that hypomagnesaemia is by no means limited to iso-
lated states within the United States, or to only a few grass 
species. 
A majority of the research work on grass tetany has come 
from Europe, where tetany has been recognized as a severe 
problem for many years. Allcroft and Burns (1968) reported 
that 0. 5% of all dairy cows in Great Britain, 1.1% of all 
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dairy and beef animals in Scotland, and 1-2% of dairy animals 
in the Netherlands had a clinical level of grass tetany each 
year. 
Animal Symptoms 
The disease is associated with a low level of blood 
serum magnesium (Mg). This deficiency can be related to both 
a low level of Mg in the ingested forage and poor digestion and 
absorption of fllg in the intestinal tract. 
Animals affected with tetany exhibit a series of symptoms 
attributed to this disorder. According to Underwood (1966), 
the initial sit~s are those of nervous apprehension, with 
ears pricked, head held high and staring eyes. At this stage 
movements of the animal are stiff and stilted, it staggers 
when walking and there is a twitching of the muscles, es-
pecially of the face and ears. Within a few hours or days of 
the initial signs, extreme excitement and violent convulsions 
develop. The animal lies flat on its side, the forelegs 
pedal periodically, and the jaws work, making them grate. If 
treatment is not given at this stage, death usually occurs 
during or after one of the convulsions, or the animal may 
pass into a coma and die. l'f.ortality is high in clinical 
cases without treatment. 
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Forage Indices 
Since tetany is directly associated with the intake of 
dietary Mg we should be able to determine if a forage is 
tetany prone. Kemp (1960) related plant Mg concentration to 
blood serum Mg levels. He found that no clinical symptoms of 
tetany occurred when plant tissue Mg was above .19%. Kemp 
also found that the danger of tetany was greater with increas-
ing plant tissue concentrations of potassium (K) or crude pro-
tein. Frequent cases of tetany were reported with forage r:Ig 
values of .175-.20%, while the concentration of K was averaging 
].88% and nitrogen (N) averaged J.79%. Metson et al. (1966) 
reported concentrations of f1Ig, K, and N which were associated 
with incidences of grass tetany in beef cattle on New Zealand 
pastures. Potassium averaged J.29% with a range of 2.0-4.0%. 
Magnesium was found to have a range of 0.14-0.25% with an av-
erage of 0.19%. Nitrogen had a range of 4.2-6.3% with an 
averaGe of 5.28%. These data indicate that forage Mg concen-
tration might have to be considerably higher than ,20% to be 
at a safe level when values for K and N are high, as 10% of 
all animals in this study had clinical signs of hypomagne-
saemia. Todd and Morrison (1964) suggested that a safe level 
of Mg in pla.<''lt tissue may be as high as . 25%. 
Crool~shank and Sims ( 19 55) attempted to determine the 
normal blood serum Mg levels for ruminants. In a study on 185 
Hereford cows in Texas, they concluded that normal serum Ivig 
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levels were 20.5 ± 2.5 ppm. Blood serum Mg levels were also 
studied by Sjollema (l9JO). He found that normal animals 
had lJ-20 ppm Mg and animals with tetany had only 5-10 ppm. 
Sjollema also found variation in the ratio of calcium (Ca) to 
Mg, with normal animals having a ratio of 5.6. Kemp 
(1960) found that no clinical symptoms of tetany occurred 
when blood serum Mg was above 9 ppm. 
Kemp and t'Hart (1957) concluded from a study conducted 
in the Netherlands with a K to (Ca + Mg) ratio of less than 
2. 2 (expressed in meq/100 g dry matter), only a very few cases 
of tetany were reported. With a ratio less than 2.2 only 
0.77% of 4658 animals showed clinical symptoms of tetany. 
However, with cation ratios above 2.2 the incidence of tetany 
was 6.6%. Butler (196J) also explored the possibilities of 
using several different ratios as indicators of tetany prone 
forage. He found that the ratio of K to (Ca + Mg) was a re-
liable index for predicting the incidence of tetany, but using 
a ratio of (K + Ca + P) to (Mg + Na) was found to be unsatis-
factory. 
The ratio of (K + Ca) to Mg was used by Rahman, McDonald 
and Simpson (1960) as an indicator of tetany prone forage. 
They found that with a (K + Ca) to Mg ratio greater than 5.2 
there was a much increased danger of tetany. They stated, 
however, that this index is limited to forage with high Ca 
concentration and probably would not be a good indicator 
with lower Ca values. 
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Although ratios of cations in the forage have been used 
by many researchers to distinguish between tetany and non-
tetany prone forage, these ratios have not received universal 
acceptance. Seekles (1964) suggested that the ratio of K to 
(Ca + Mg), although shown to be a good indicator of hypomag-
nesaemic situations, may only apply to certain areas in a 
particular year. Data from many years and diverse areas did 
not support the accuracy of this ratio in predicting the 
occurrence of tetany. 
Temperature 
One of the variables which complicates the understanding 
of tetany is temperature. There appears to be a very positive 
relationship between temperature, precipitation, and the induc-
tion of grass tetany. In a study in the Netherlands Kemp and 
t'Hart (1957) observed a seasonal fluctuation in the reports 
of tetany. During the spring and autumn period when mean 
daily air temperatures were below 14°C (57°F) there was a 
significant increase in observed cases of tetany. Further-
more, they found that temperature fluctuations were associ-
ated with the frequency of tetany reports. Approximately 
5 days after the mean daily air temperature exceeded 14°c 
there was an increase in the incidence of tetany. Five days 
after a decrease below 14°C there was a corresponding decrease 
in the reported cases of tetany. McNaught, Dorofaeff, and 
Korlovsky (1968) analyzed Mg concentrations in grasses and 
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found Mg concentration to be higher during summer compared to 
the spring period, suggesting an interaction between tempera-
ture and cation uptake. They also reported concentrations of 
K and found that, unlike Mg, the K concentration did not vary 
considerably between spring and summer. 
t'Hart observed, as cited in Grunes et al. (1970), that 
in cool wet years tetany could occur during the entire summer, 
and the majority of cases were reported at temperatures rang-
ing from 46 to 57°F. The incidence of tetany was much higher 
in years of fast spring growth. In general it was found that 
cool temperatures with other conditions favorable for growth 
provided situations with a high incidence of tetany. t'Hart 
also concluded that wet conditions and nitrogen fertilization 
contributed to a more succulent forage. The decreased dry 
matter percentage in the ruminant animal's intake might result 
in a dilution effect, thus preventing the animal from obtain-
ing sufficient Mg intake even though the Mg concentration 
under drier conditions may have proved to be sufficient. 
Nielson et al. (1961) worked with bromegrass using growth 
chamber conditions, employing temperatures of 5° and 26.6°C. 
On plants which received an NPK treatment he found Mg concen-
trations increased with higher temperatures from 42 to 47 meq/ 
100 g, while K decreased from 101 to 23 meq/100 g, and Ca de-
creased from 44 to 21 meq/lOOg. In another growth chamber 
study, Grunes (1967) used crested wheatgrass with temperatures 
of 10° and 20°C. Plants grown at the higher temperature were 
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significantly higher in Mg and Ca concentration. Potassium 
concentration also increased with the warmer temperature but 
not to the same extent as Ca and Mg. Values for the ratio of 
K to (Ca + Mg) obtained from the cation data in this experi-
ment indicate that higher ratios were obtained under the 
cooler conditions, suggesting a more tetany prone forage with 
the l0°C temperature. 
Dijkshoorn and t'Hart (1957) worked with the regrowth of 
perennial ryegrass. Temperatures of 10° and 20°C were used and 
K to (Ca + Mg) ratios were measured. Milliequivalent ratios 
were higher for regrowth of forage at l0°C than at 20°C. Addi-
tionally, plants were grown at l0°C for the first part of the 
growth period and then transferred to 20°C. Ratios of K to (Ca 
+ Mg) were higher for those transferred from l0°C to 20°C than 
for those grown continuously at 10°C or 20°C. From these re-
sults we can see the implication of an increase in temperature. 
In the same experiment, K concentration and the K to (Ca + Mg) 
ratio in plants transferred from 10° to 20°C increased rapidly 
for the first 10 days and then declined slightly for the re-
mainder of the growth period. 
Soil Indices 
Levels of soil Mg considered adequate to prevent tetany 
have frequently been reported as a percentage of the cation-
exchange capacity (CEC). Horvath and Todd (1968) stated that 
the exchangeable Mg level should be approximately 10-15% of 
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the soil CEC or at least twice the K percentage. Based on 
percent saturation of the soil CEC, Ca:Mg ratios should not be 
higher than 5 to 1. 
Felbeck (1959) indicated that Mg fertilization should be 
recommended when Mg is less than 10% of the soil CEC or less 
than 0.4lmeq (100 lbs) of exchangeable Mg per acre. 
Several factors exert substantial influence on the rela-
tionship between Mg and plant uptake of the mineral. Even if 
we are to assume that quantities of Mg are present in the soil 
which would ordinarily provide adequate Mg nutrition for both 
the plants and animals consuming the plants, this by no means 
provides assurance that a problem with tetany could not de-
velop. Several factors in addition to the interactions between 
soil Mg and temperature previously discussed can affect plant 
tissue Mg concentration. These factors include availability of 
Mg due to competition with other cations, soil texture, N 
fertilization, soil pH, plant maturity, and root cation-
exchange capacity. 
Competition with Other Cations 
Hovland and Caldwell (1959) noted that plant uptake of Mg 
is reduced by large quantities of other elements in the soil. 
Large K and Ca concentrations in the soil were correlated with 
decreases in plant Mg. The phenomenon was observed even when 
an ordinarily adequate supply of available Mg was shown to be 
present. Prince et al. (1947) stated that the most 
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influential factor in Mg uptake by plants was the quantity of 
available K. If there was an abundance of available K in the 
soil, the Mg concentration of the plant was relatively low. 
In a study on beans and oats, Mehlich and Reed (1948) 
determined that an increase in soil exchangeable K for any 
given level of Mg and Ca, increased K and decreased Ca and Mg 
in the plant. Also, increasing exchangeable Mg for any given 
level of K or Ca increased Mg, decreased Ca, and had no sig-
nificant effect on K in the plants. Mehlich and Reed also 
noted that for the same level of K, the K content of the plants 
increased and the Ca and Mg content decreased with increasing 
soil CEC. Although quantities of individual cations tended to 
vary with soil CEC, the sum of all cations in the plant was 
relatively constant for each species under different soil CEC 
levels. 
Laughlin et al. (1973) found each increment of K decreased 
Ca and Mg concentration. Decreases of Mg were greater with 
KCl than with K2so4, although the differences were not consis-
tently statistically significant. Lowrey and Grunes ( 1968) 
conducted an experiment to determine the effects of added K 
fertility on the Mg concentration of plants. They found that 
K fertilization of rye decreased the uptake of Mg. However, 
a combination of Mg and K fertilization did not give an in-
crease in forage Mg concentrations. Addition of K also de-
creased the Ca concentration of the plant, and with both Mg 
and K fertilization the Ca concentration was lowered even 
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more. Therefore, K fertilization increased the K to (Ca + 
Mg) ratio while Mg did little to decrease the ratio because 
with the addition of Mg there was a corresponding decrease in 
plant Ca concentration. 
Soil Texture 
Fertilization with Mg has not been found to consistently 
increase plant Mg concentration due to the effects of soil 
texture. Burns and Allcroft (1967) suggested that Mg fertiliza-
tion to increase Mg concentration of forages was only effective 
on acid, coarse textured soils. 
Todd (1967) stated that effective control of tetany could 
be achieved with a rate of 340 kg/ha Mg on coarse textured 
soils. Soils with finer textures, however, required sub-
stantially higher amounts of Mg. Todd therefore concluded 
that fertilization with Mg was economically impractical except 
on coarse textured soils, soils with a low pH, or soils with 
low K availability. McConaghy et al. (1963) also concluded 
that fertilization of fine textured soils was ineffective in 
raising plant tissue concentrations of Mg. In this study 
he applied calcined magnesite and Mg-limestone. 
In considering the direct relationship between soil tex-
ture and soil moisture retention, Lawton (1945) found that 
moisture could cause shifts in cation concentration. Excess 
moisture reduced K concentration, K:Ca, K:Mg, and K to (Ca + 
Mg) ratios in corn. 
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Nitrogen Fertilization 
r 
High levels of nitrogen fertility have been shown to in-
crease levels of Mg in plant tissue. Boawn et al. (1960) found 
that increasing N applications to sorghum from 45 kg/ha to 
180 kg/ha increased K and Mg concentration of the leaves. 
With only small additions of N, the K concentration increased 
faster than Mg, and thus the ratio of K to (Ca + Mg) increased. 
However, at the highest N rate (180 kg/ha) the Mg concentra-
tion was increased sufficiently to lower the K to (Ca + Mg) 
ratio. 
In a survey of 19 counties in Ohio, Barta (1973) noted 
that N fertilization of 112 kg/ha (100 lbs/A) resulted in an 
increase in Mg and crude protein concentration of plant tissue 
compared to nonfertilized areas. Hemingway (1961) reported 
that ammonium sulfate increased and KCl decreased the Mg con-
centration of grasses. 
Soil pH 
Carriers of nitrogen have a considerable effect on soil 
pH, both from enhancing the removal of soil cations by plant 
uptake and loss of cations by leaching. Raney (1960) sug-
gested that removal of basic cations is the reason that soils 
become acid and that crop removal and leaching account for the 
greatest losses of these metallic ions. Nitrate content of 
percolating or drainage water was the predominant factor 
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associated with the amount of bases in the leachate. Abruna, 
Pearson, and Elkins (1958) noted severe reductions in exchange-
able base level and lowering of soil pH within one year of 
application of ammonium nitrate and ammonium sulfate. Effects 
occurred even deep in the soil profile where corrections would 
be difficult. There was also a marked reduction in exchange-
able K in deeper soil horizons although total exchangeable 
bases had not been appreciably affected. 
Pierre (1928) studied the effect of various nitrogen 
fertilizers on soil pH. He found that changes in hydrogen ion 
concentration differed with the use of various nitrogen fer-
tilizers. The greatest increase in acidity was observed with 
ammonium sulfate, followed by ammonium phosphate, ammonium 
nitrate, and urea. Sodium nitrate and calcium nitrate, how-
ever, resulted in decreased hydrogen ion concentration. Power 
et al. (1972) determined that reduction of pH values in the 
0-15 em depth was greatest where ammonium sulfate was added, 
while values for calcium nitrate were usually similar to those 
for the check. The 15-JO em depth was not affected by differ-
ent nitrogen treatments. Leo, Odland, and Bell (1960) found 
that continuous use of ammonium sulfate increased acidity. 
Studies where additions of nitrogen fertilizer have de-
creased soil pH and increased plant Mg concentration are well 
documented. We should therefore be able to show a cause and 
effect relationship. Christensen, White, and Doll (1973) 
suggested that pH level rather than Ca concentration was 
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responsible for differences in Mg uptake. Additions of cal-
cium carbonate lowered Mg concentration in plant tissue whereas 
additions of calcium sulfate had no significant effect on Mg 
concentration. Applications of Mg increased Mg uptake regard-
less of Ca level. Adams and Henderson (1962) found that total 
Mg uptake tended to be less at pH 6.5 than at pH 5.5 on Mg 
deficient soils, but greater at pH 6.5 on Mg sufficient soils. 
Soils of less than 4% of the soil CEC occupied by Mg were con-
sidered to be deficient. Salmon (1964) noted that Mg concen-
trations in plants were inversely related to soil pH. 
Plant Maturity 
Benne et al. (1964) noted that young corn plants contained 
high K and low Mg. Ca and Mg concentrations of the leaves in-
creased with aging. K to Ca and K to Mg ratios both decreased 
with maturity. Jenne et al. (1958) obtained data on leaf 
cation concentrations of corn. Potassium concentration de-
creased with time as did the K to Ca and K to Mg ratios. Ca 
and Mg concentration increased with maturity and K to (Ca + Mg) 
ratio decreased. 
Root Cation Exchange Capacity 
In addition to quantities of exchangeable K, Ca, and Mg 
in the soil, several other factors contribute to the potential 
tetany problem with grasses. The most influential of these 
characteristics on plant cation concentration appears to be 
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root cation-exchange capacity. 
Williams and Coleman (1950) studied the properties of 
root CEC and found that the exchange properties of excised 
roots were the same whether roots were metabolically active 
or inactive. They concluded that exchange capacity is not 
governed by metabolic activity but is a characteristic of 
the root. 
Smith and Wallace (1956b) have conducted extensive re-
search into accurate determinations of root CEO values. Their 
results indicated that CEO values can be misleading,if ex-
pressed on a dry weight basis. In work done with citrus roots, 
the thin roots had twice the exchange capacity of the thick 
roots on a weight basis, but the same exchange capacity on a 
surface area basis. Results of ion absorption studies showed 
a greater correlation between Ca absorption and root CEO on a 
surface basis than on a weight basis. In a different series 
of experiments Smith and Wallace (1956a)obtained similar re-
sults. Large roots had about half the CEC of small roots when 
expressed on a weight basis, but no difference was found when 
CEO was related to surface area. 
Drake, Vengris, and Colby (1951) in a study of grass 
roots concluded that physical fineness was not an indication 
of exchange capacity. High values were obtained for coarser 
rooted grasses such as reed canarygrass, smooth bromegrass, and 
tall fescue while finer rooted grasses such as redtop, Kentucky 
bluegrass, and bentgrass had low CEC values. Specific root 
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CEC values obtained by Drake were: reed canarygrass ()0.8), 
orchardgrass (25.6), tall meadow oatgrass (22.5), Kentucky 
bluegrass (21.6), and smooth bromegrass (24.8). The values 
indicated are expressed in meq/100 g of dry roots. Bell and 
Walker (1957) found little effect of root size on root CEC. 
Root CEC and Plant Composition 
It is generally accepted that plants with a high root 
cation-exchange capacity have a greater affinity for divalent 
cations such as Ca and Mg. Conversely, those plants exhibit-
ing a low cation exchange capacity have a greater tendency to 
accumulate monovalent cations such as K. Since grasses are 
included in the low root exchange capacity group this then re-
sults in relatively low concentrations of Ca and Mg and, 
therefore, an increased danger of tetany. 
Lucas, Scarseth, and Sieling (1942), in a study of the 
chemical composition of a mixture of red clover, timothy, and 
weeds, found the clover to contain more than six times as much 
Ca as did timothy. The red clover also contained approximately 
five times as much Mg. However, red clover on the average had 
a K concentration only 75% that of timothy. Thus timothy with 
its low root CEC demonstrated a greater affinity for monovalent 
cations, while red clover with a high root CEC exhibited a 
greater affinity for divalent cations. 
Blaser and Brady (1950) conducted an analysis for K on a 
mixture of 5% ladino clover, 60% timothy, 20% bluegrass, 10% 
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quackgrass, and 5% weeds. On the three sampling dates of 
July 11, August 1, and August 29, ladino clover contained 
only 60, 63, and 84% as much K as did the grasses. Although 
data on Ca and Mg were not reported, this decrease in K was 
probably made up by an increase in Ca and Mg based on the re-
ports of Bear and Prince (1945); Shear, Crane, and Myers 
(1946); and Lucas, Scarseth, and Sieling (1942). These re-
ports stated that if divalent ions are adsorbed in relatively 
greater quantities there must be a decrease in monovalent 
ions since the sum of cations in the plant tends to have a 
constant value. 
Smith and Wallace (1956a) concluded that if density of 
charge on a root controls absorption of monovalent and diva-
lent cations, then the chemical composition of plants at low 
nutrient levels should show the correlation expressed in 
equation la 
with 1 and 2 representing different species. 
In a further study to determine if this equation had 
practical implications, Smith and Wallace (1956b) found 
( 1) 
evidence that, for beans and barley, Ca accumulation in roots 
and K in the whole plant could be expressed by equation 1. 
However, Huffaker and Wallace (1958) noted that sometimes the 
equation did not hold, and CEC ratios corresponded better 
with K1/K2 instead of K2/K1 • 
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Crooke and Knight (1962) found a good linear relation-
ship between total cation concentration and the CEC of roots. 
However, only a poor positive correlation existed between 
root CEC and individual cation concentrations. Gray, Drake, 
and Colby (1953) determined that K uptake by individual plant 
species at low levels of soil K was well correlated with root 
CEC. Differences in uptake were reduced at high levels of 
soil K. These conclusions were based on work with legume-
grass mixtures. Different grass species with varying root CEC 
values were grown with a clover. Grass species which had 
higher root CEC values had less uptake of exchangeable K. 
Factors Altering Root CEC 
We have seen that differences in root CEC values for 
grasses and legumes can be reflected in cation concentrations 
and cation ratios found in plant tissues. This same relation-
ship might also account for some of the variation in tissue 
concentrations observed within a species when grown under 
fertility conditions which might alter the root CEC. Graham 
and Baker (1951) demonstrated that root CEC was subject to 
alteration by many factors including the age of the plant, 
cultural treatments, and temperature during growth. 
Nitrogen fertility is perhaps the greatest single factor 
associated with altering the root CEC. Smith and Wallace 
(1956c) noted that N fertilization increased CEC of roots for 
some species, and was most marked on plants with a low root 
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CEC. McLean, Adams, and Franklin (1956) found, as more N 
was supplied to a given species via the growth medium, an 
increase in percentage of N in the plant was obtained, accom-
panied by a corresponding increase in the CEC of the plant 
roots. In a study using oats and corn, the oats increased 
from 17.7 to 24.4 me.q/100 g or a 40% increase in root CEC 
from low to high N fertility. Corn also demonstrated a sig-
nificant increase of approximately JO%. All other species 
studied (buckwheat, cotton, vetch, soybeans) showed increases 
of about 10%. Later, McLean (1957) worked with oats and buck-
wheat, using varying N levels supplied by Hoagland solution. 
With an increase from 1/3 normal to normal, and then to twice 
normal levels of N, the oat CEC increased from 17.7 to 21.0, 
and 24.4, respectively, and the buckwheat increased from 
46.8 to 49.6, and 56.8, respectively. It was also noted that 
N induced increases in root CEC of a species were generally 
accompanied by increases in divalent cation uptake from 
nutrient solutions and decreases in monovalent cation uptake. 
Huffaker and Wallace (1958) noted that N source as well 
as N quantity influenced root CEC. Larger increases in CEC 
values were obtained with additions of nitrate N than with 
ammonium N. It was also found that higher phosphorus (P) 
levels were associated with higher root CEC. It was further 
indicated that all data in this particular study were found 
to be independent of root size. 
Drake and White (1961) noted that the percent Cain 
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tomato and buckwheat tissue increased with additions of N. 
They concluded that the effect of the N was to increase the 
root CEC of these plants, which favored Ca uptake. It was 
also suggested that the effect of N on Ca uptake was indepen-
dent of the amount of topgrowth due to the fact that percentage 
and total Ca increased with increasing N but the yields of 
buckwheat did not increase. 
Crooke (1958) also found changes in the CEC of plant 
roots suffering from heavy metal toxicity. There was a con-
sistent increase in CEC with increasing nickel (Ni). Ca in 
the tops of oat plants without Ni was about 1/2 that in plants 
receiving high levels of Ni. 
Knight, Crooke, and Inkson (1961) studied the effects 
of soil type on root CEC and found that root exchange capacity 
was to a large extent independent of soil type. 
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MATERIALS AND METHODS 
Species Evaluation - 1971 
This experiment was conducted to determine species dif-
ferences in cation concentration and cation ratio for several 
cool season forage grasses. Nine species were evaluated: 
smooth bromegrass, Bromus inermis Leyss.; orchardgrass, 
Dactylis glomerata L.; Kentucky bluegrass, Poa pratensis L.; 
reed canarygrass, Phalaris arundinaceae L.; tall oatgrass, 
Arrhenatherum elatius L. (Mert. and Koch); crested wheatgrass, 
Agropyron cristatum L. (Gaerta); tall wheatgrass, Agropyron 
elongatum Host. (Beauv.); meadow foxtail, Alopecurus pratensis 
L.; and Canada wildrye, Elymus canadensis L. Plant samples 
were obtained from established row plots at the Agronomy and 
Agricultural Engineering Research Farm located eight miles 
west of Ames, Iowa (42° 2' N latitude and 93° JJ' W longitude). 
This area is included in the Clarion-Nicollet-Webster soil 
association. 
A soil sample was taken on May 6, four days prior to the 
initiation of plant sampling. Results obtained were: 268 
kg/ha (240 lbs/A) exchangeable potassium (K), 76 kg/ha (68 
lbs/A) available phosphorus (P), soil pH= 6.65, and buffer 
pH= 6.85. The area was subsequently topdressed with 1)4 
kg/ha (120 lbs/A) nitrogen (N) applied as ammonium nitrate. 
Harvesting of forage samples began on May 10 and continued 
daily through May 27. Two additional dates of June 6 and June 
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16 were included in the harvest period. Mean daily air 
temperatures and precipitation data were also obtained. 
A single forage sample of each species was taken daily 
from nonreplicated plots. Forage samples were dried at 60°C 
(140°F) for 48 hours in heated air dryers, ground through a 
stainless steel screen having 1 mm circular holes, and stored 
until analyzed for cation concentrations. 
The digestion procedure consisted of nitric and per-
chloric acid digestion as described by Isaac and Kerber 
(1971). Forage samples were again dried at 77°C (170°F) for 
12 hours in a forced air oven, cooled, and weighed for the 
digestion process. One gram of plant sample was initially 
digested in nitric acid. Perchloric acid was added later to 
insure complete digestion of all plant matter. Following the 
digestion, samples were diluted to 100 ml with deionized water 
and stored for analysis. 
Prior to analysis the solutions were further diluted to 
bring cation concentrations into suitable ranges. The solu-
tions were then analyzed using a Perkin-Elmer Model 303 
Atomic Absorption Spectrophotometer. All samples and standards 
included 1% (w/v) lanthanum (La) added as a 5% solution of 
La2o3 . The addition of La to standards and samples is 
ordinarily necessary only for determination of calcium (Ca) 
and magnesium (Mg). In this case, all elements including K 
were analyzed from the same dilution, because all ions of 
interest were within suitable ranges of concentration. 
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Therefore La was also added to the K standards as it was 
present in dilutions from which K concentrations were 
determined. 
Standard solutions were prepared from Fisher Scientific 
Company Certified Atomic Absorption Standards. Samples were 
analyzed and plotted against standard curves to obtain per-
centage values for K, Ca, and Mg. Equivalent weights were 
used to determine cation ratios. Therefore, percent K, Ca, 
and Mg were divided by J9, 20, and 12, respectively, to 
obtain the milliequivalents (meq) of each cation. 
Because of the nonreplicated nature of plots and forage 
samples, the data in this survey were not analyzed statis-
tically. However, data will be presented and inferences 
made from the results obtained. It should be noted that any 
conclusions relating to this section of the study are based 
only on the author's interpretation. 
N Rate - K Source on Smooth Bromegrass - 1972 
This study was conducted to obtain forage cation concen-
tration data under field conditions for a cool season forage 
grass grown with variable levels of N, K, and Mg nutrition. 
Smooth bromegrass (Bromis inermis Leyss) was selected as the 
cool season forage grass species to be evaluated because of 
widespread use in the state of Iowa, and the availability of 
established plots conducive to the objectives of this study 
(George, 197J). 
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Experimental plots were located in an area adjacent to 
the original 1971 survey at the Agronomy and Agricultural 
Engineering Research Farm west of Ames. The plot arrangement 
was a split plot design consisting of three replications. In-
dividual plots measured 1.5 x 7.5 meters. The experimental 
site had been maintained for the previous two years with 
varying amounts of nitrogen as whole plots, and varying 
sources and amounts of potassium as subplots. Magnesium was 
provided by the sulfate of potash-magnesia {KMgS04 ) treatment. 
Fertilizer treatments and dates of application for 1970, 1971, 
and 1972 are presented in Table 1. Phosphorus was applied 
equally to all plots as triple superphosphate {0-46-0) at the 
rate of 50 kg/ha P {46.6 lbs/A P) on April 10, 1971, and 
April 11, 1972. 
Soil samples were taken from all plots prior to fertilizer 
application in the spring of 1972. Soil cores were divided 
into 0-2.54 em (0-1 inch), 2.54-5.08 em {1-2 inches), 5.08-
7.62 em {2-J inches), and 7.62-15.24 em (J-6 inches) incre-
ments. The soil was air dried and analyzed for cation exchange 
capacity and exchangeable bases including K, Ca, Mg, and 
sodium (Na). Soil cores from depths 0-7.62 em, 7.62-15.24 em, 
and 15-24-J0.48 em were analyzed for soil pH and buffer pH. 
An ammonium saturation technique described by Chapman 
(1965) was used for determining cation exchange capacity. A 
neutral lN solution of ammonium acetate was used as the 
source of exchangeable ammonium ions. Five grams of air dried 
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Table 1. Fertilizer treatments applied to smooth bromegrass 
in 1970, 1971, and 1972 
Treatment Amount Applied Date Applied 
Nitrogen treatments (ammonium nitrate sources) 
Check - no nitrogen 
1970 - 111 lbs/A N 
1971 - 111 lbs/A N 
- 111 lbs/A N 
1972 - 111 lbs/A N 
1970 - 444 lbs/A N 
1971 - 222 lbs/A N 
- 222 lbs/A N 
1972 - 222 lbs/A N 
222 lbs/A N 
Potassium treatments 
Check - no potassium 
1970 - 111 lbs/A K 
1971 - 111 lbs/A K 
1972 - 111 lbs/A K 
1970 - 111 lbs/A K 
1971 - 111 lbs/A K 
1972 - 111 lbs/A K 
1970 - 111 lbs/A K 
71 lbs/A Mg 
1971 - 111 lbs/A K 
71 lbs/A Mg 
1972 - 111 lbs/A K 
- 71 lbs/A Mg 
May 22, 1970 
April 15, 1971 
Aug. lJ, 1971 
April 18, 1972 
May 22, 1970 
April 15, 1971 
Aug. lJ, 1971 
April 18, 1972 
July 29, 1972 
May 22, 1970 
April 15, 1971 
April 18, 1972 
May 22, 1970 
April 15, 1971 
April 18, 1972 
May 22, 1970 
April 15, 1971 
April 18, 1972 
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soil was allowed to stand overnight with 250 ml of ammonium 
acetate. This solution was then suction filtered through 
Whatman no. 42 filter paper, and the leachate from this 
process was saved for use in determining exchangeable bases. 
After washing the filtrate with 150 ml of methanol, the soil 
and filter paper was placed in a 500 ml Kjeldahl flask. A 
small quantity of MgO and 50 ml of deionized water were also 
added. The solution was distilled on a Kjeldahl apparatus and 
the distillate collect~d in a bromocresol green-methyl red 
mixed indicator. The indicator solution was then titrated 
with .106N HCl to determine ammonia concentration from which 
CEC meq/100 g) was calculated. 
Procedures for determining exchangeable bases are de-
scribed by Isaac and Kerber (1971). The leachate from the 
cation exchange capacity determination was brought up to 
constant volume and diluted to bring cation concentrations 
into acceptable ranges. The final dilutions for Ca and Mg and 
standard solutions contained 1% (w/v) Lanthanum (La). Samples 
were then analyzed using a Perkin-Elmer Model JOJ Atomic 
Absorption Spectrophotometer. Standard curves were plotted 
from solutions of known concentrations and percent K, Ca, Mg, 
and Na values were determined. Data obtained were then con-
verted into meq/100 g of air dry soil for individual exchange-
able bases. Total exchangeable base values were obtained by 
the summation of exchangeable K, Ca, Mg, and Na. 
Plant sampling was initiated on April 22 and continued 
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every other day through May 16. An additional sample was 
taken on May Jl. Temperature and precipitation data were also 
obtained for the harvest period. The fresh weight of the 
plant material was obtained immediately after harvesting. 
Plant samples were then dried as described in the Materials 
and Methods section for 1971. After the plant material was 
removed from the dryers it was again weighed for determination 
of percent dry matter. Samples were then ground, digested, and 
analyzed for percent K, Ca, and Mg as previously described in 
the Materials and Methods section for 1971. 
An analysis of variance was conducted to find treatment 
effects on the soil variables. A Statistical Analysis Systems 
(SAS) program was utilized to provide the overall means and 
LSD's for each soil variable. 
Treatment effects on plant cation concentration were 
analyzed in the same manner as soil data with one exception. 
Because plant material was not available for the N0 treatment 
during the first six sampling days, treatment N1 and N2 were 
analyzed alone over all sampling days. Treatment N0 was then 
included in an analysis with N1 and N2 over just the last 
eight sampling days. 
29 
RESULTS AND DISCUSSION 
Species Evaluation - 1971 
Cation ratios for individual species are presented in 
Figures 1 and 2. Absolute values are found in the Appendix, 
Tables 7 through 15, for individual cations on a percentage 
basis and the K to (Ca + Mg) ratios on a milliequivalent 
basis. Daily inconsistencies observed in cation ratios and 
species differences can be attributed to several possible 
sources including nonreplicated samples, maturity differences, 
changes in leaf to stem ratio, and variation in environmental 
conditions which existed throughout the sampling period. 
Despite these inconsistencies, several overall trends are 
quite apparent and will be discussed. 
Major differences were found for cation concentrations 
and cation ratios of the nine forage species sampled. If a 
ratio exceeding 2.2 is considered tetany prone, only four of 
nine species sampled reached levels consistently high to be of 
concern. Reed canarygrass, orchardgrass, tall oatgrass, and 
Canada wildrye all exceeded ratios of 2.2 for an extended 
period during sampling, whereas, smooth bromegrass, Kentucky 
bluegrass, crested wheatgrass, tall wheatgrass, and meadow 
foxtail provided values generally below 2.2. 
One possible explanation for differences in cation uptake 
between species involves variation in root cation exchange 
capacity (CEC). It is recognized that root CEC may contribute 
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Figure 1. The K to ( Ca + Mg) ratio of smooth brornegrass, Kentucky bluegrass, reed 
canarygrass, and orchardgrass harvested during May and June, 1971 
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Figure 2. The K to (Ca + Mg) ratio of crested wheatgrass, tall wheatgrass, Canada 
wildrye, tall oatgrass, and meadow foxtail harvested during May and June, 
1971 
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significantly to differences in cation uptake among species, 
with those having high values accumulating more divalent 
cations relative to monovalent cations. This is most ob-
vious when comparing grasses which generally have low root 
CEC values, to legumes which generally have higher values. 
Drake, Vengris, and Colby (1951) have demonstrated that con-
siderable variation in root CEC also exists among grass 
species. They reported the following values for five cool-
season grass species: Reed canarygrass, J0.8; orchardgrass, 
25.6; smooth bromegrass, 24.8; tall oatgrass, 22.5; and 
Kentucky bluegrass, 21.6. McLean, Adams, and Franklin 
(1956) list different absolute values but the relative rank-
ing of species from high to low is similar. Crooke and Knight 
(1962) reported root CEC values of 15.5 for orchardgrass and 
14.0 for tall oatgrass, considerably lower than those re-
ported by Drake et al. (1951) but consistent in terms of 
relative order. Other legume species studied by Crooke and 
Knight also showed consistently lower values compared to those 
of Drake et al. 
Root CEC values were not found in the literature for 
crested wheatgrass, tall wheatgrass, meadow foxtail, and 
Canada wildrye. An unpublished study at Mandan, North Dakota 
(Russell Lorenz, private communication) revealed that Russian 
wildrye had a K to (Ca + Mg) ratio well above 2.2 for much of 
the spring period, whereas crested wheatgrass generally had 
a much lower ratio. Because root CEC varies little among 
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genera, we might assume that Canada wildrye would tend to 
have a rather high cation ratio, whereas both crested and 
tall wheatgrass would have lower values. Even though this is 
no indication of root CEC values, it is consistent with the 
results of this study because Canada wildrye was previously 
classified with those species having high cation ratios, 
whereas crested and tall wheatgrass had lower values. 
If root CEC values previously listed do have a signifi-
cant role in determining relative uptake of divalent and 
monovalent cations, then species with higher root CEC values 
should have a higher concentration of divalent cations, a 
lower concentration of monovalent cations, and therefore a 
lower ratio of K to (Ca + Mg). The results obtained in this 
study are not entirely in agreement with this theory. 
Five species for which root CEC has been reported by Drake 
et al. (1951) are listed in Table 2. The overall mean of all 
20 sampling days for percent K, percent Ca, and percent Mg, and 
K to (Ca + Mg) ratio is also presented for each species. Per-
cent Mg very closely agrees with the theoretical ranking it 
should assume, considering only the effect of root CEC on 
cation uptake. Percent Ca also agrees but to a lesser extent. 
Percent K, which should have been lower with increased root 
CEC, shows very little relationship to root CEC values. It is 
therefore evident that divalent cations tend to be much more 
in agreement with the root CEC theory than monovalent cations. 
We might at this point also note a very strong agreement in 
Table 2. Root cation exchange capacity, and forage percent 
K, percent Ca, percent Mg, and K to (Ca + Mg) ratio 
calculated as an average for all sampling days 
Forage composition 
Root CECa 
K to 
Species (Ca + Mg) K Ca Mg 
----{meq/100 g)----- ---------(%)---------
Reed canarygrass 30.8 2.05 3.47 ·39 .29 
Orchardgrass 25.6 2.36 3.8J • 38 .28 
Smooth bromegrass 24.8 1.59 2.45 .45 .21 
Tall oatgrass 22.5 2.10 J.63 .44 .27 
Kentucky bluegrass 21.6 1.63 1.98 .31 .19 
aData obtained from Drake, Vengris, and Colby (1951). 
the ranking of K concentration and the K to (Ca + Mg) ratio. 
From these data it appears that K concentration is the dominant 
factor in determining the K to (Ca + Mg) ratio, and this re-
lationship is further discussed later. 
In comparing grass species, it should be mentioned that 
orchardgrass and Kentucky bluegrass are less strongly jointing 
and tend to produce more of a leafy growth compared to other 
species which display a greater tendency for stem elongation. 
Consequently, orchardgrass and Kentucky bluegrass forage 
samples were taken primarily from leafy tissue and regrowth 
throughout the sampling period, while reed canarygrass, smooth 
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bromegrass and tall oatgrass increased in maturity primarily 
as a result of stem elongation. Because maturity is a con-
tributing factor in forage cation concentrations, the higher 
proportion of mature leaf and stem tissue in reed canarygrass, 
smooth bromegrass and tall oatgrass further complicated inter-
pretation of data. However, even though differences in growth 
habit were reflected in harvested plant material, a comparison 
of species remains valid because plant material sampled would 
tend to reflect animal intake and the subsequent risk of 
tetany as it might differ among forage species. 
In addition to differences between species, an apparent 
trend within each species was noted over time. Cation ratios 
initially were high, although with the exception of orchard-
grass, tall oatgrass, and Canada wildrye, the values did not 
exceed 2.2. Ratios declined slightly during the first few 
days of the sampling period. Then on May 14-17, depending on 
species, a sharp increase was noted in the ratio of K to 
(Ca + Mg). The four species in the high ratio group increased 
rapidly for several days, in most cases exceeding 2.2, with 
values as high as 2.93 observed. Even though the ratios of 
meadow foxtail, Kentucky bluegrass, smooth bromegrass, and 
both wheatgrasses did not reach critical levels for an extended 
period, they did show the same general upward trend during this 
sampling interval. 
The observed uptrend in cation ratios can be related to 
environmental conditions, especially air temperature. Mean 
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daily air temperatures are presented in Figure 3, with daily 
minimum and maximum temperature and rainfall presented in the 
Appendix, Table 16. With the exception of May 5 and 6, when 
temperatures only slightly exceeded 14°C, there was a period 
of cool temperatures extending to May 9. We should then ex-
pect to find high cation ratios during this period, remember-
ing that temperatures below 14°C and the period five days sub-
sequent to a rise above 14°C are associated with a high risk 
of tetany (Kemp and t'Hart, 1957). If we look for these in-
dicators in Figure 3 we see that on May 10 the temperature ex-
ceeds 14°C, and with the exception of May 12 it remains above 
14°C for a nine-day period. If we further accept the theory 
of an even greater danger of tetany five days after a tem-
perature increase above 14°C, we would expect cation ratios 
to be increasing on or about May 15. Without exception we 
find the uptrend previously described in Figures 1 and 2 be-
ginning either on May 14, 15, 16, or 17. 
An examination of the individual components of the K to 
(Ca + Mg) ratio also reveals a general trend. All species 
react in a similar manner to temperature with small differ-
ences in degree and/or date of response. Therefore, only two 
species, reed canarygrass and smooth bromegrass, will be dis-
cussed in detail. 
Percentage K, Ca, Mg, and the cation ratios for both reed 
canarygrass and smooth brornegrass are shown in Figure 4. An 
examination of these data indicates that K and Mg concentra-
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Figure J. Mean daily air temperatures for Ames, Iowa, during May and June, 1971 
(climatological data, U.S. Department of Commerce, National Oceanic and 
Atmospheric Administration) 
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Figure 4. Percentage K, Ca, and Mg, and the K to (Ca + Mg) 
ratio in meq/100 g dry matter for reed canarygrass 
and smooth bromegrass forage harvested during May 
and June 1971 
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tions are considerably higher in reed canarygrass, while Ca 
concentration is higher in smooth bromegrass. Because dif-
ferences in Ca and Mg for these two species would tend to be 
offsetting when calculating K to (Ca + Mg) ratios, high po-
tassium concentration appears to be the principal factor re-
sponsible for high cation ratios in reed canar,ygrass. This 
same relationship is repeated in all species characterized 
as the high ratio group. Orchardgrass, with the highest 
series of ratios has a K range of 3.19 to 4.68%, while smooth 
bromegrass, which has the lowest series of ratios, has a range 
of 2.02 to 2.9?%. As seen previously in Table 2, a ranking 
of species from high to low based on cation ratio values would 
follow the same general order as a ranking of species accord-
ing to K concentration. Only in the case of orchardgrass and 
smooth bromegrass does Ca concentration seem to play a rather 
large role in determining ratio values. 
Daily variations among species over time also exhibit 
several similarities. We note in Figure 4 the increase in 
ratio for both reed canarygrass and smooth bromegrass on 
May 16, which begins the period five days after a temperature 
rise above 14°C. Observing Figure 4, we can see that K con-
centration is fairly consistent throughout the sampling 
period. A slight rise may be noted prior to May 15 
with most other species also showing this trend. The excep-
tions are orchardgrass and tall oatgrass, which show a very 
sharP increase in K concentration around May 14 or 15. For 
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most species though, K concentration is generally consistent 
and does not seem to be the major cause of day to day varia-
tion in the cation ratios, although it may contribute 
slightly. The divalent cations, however, do exhibit a marked 
trend as shown in Figure 4. Both Ca and Mg show sharp de-
clines on the 15th and 16th of May. These decreases in con-
centration correspond well with increases in the cation ratio 
on those days. 
The data obtained indicate that K concentration is re-
sponsible for species being characterized as having either a 
high or low cation ratio during the early spring season. How-
ever, fluctuations in Ca and Mg tend to be responsible for 
day to day variation in cation ratios as influenced by tempera-
ture changes. It should be noted that the experimental plots 
received no K fertilizer treatment prior to sampling, and this 
may partially explain why most of the species showed only a 
small daily variation in K concentration throughout the early 
spring harvest period. 
It is interesting to note that species with higher cation 
ratio values also had higher absolute concentrations of Mg. 
Because the forage in this experiment was not fed to ruminant 
animals we have no means to determine if clinical symptoms of 
tetany would have developed. It is therefore impossible to 
predict from the data in this study whether a cation ratio 
exceeding 2.2, or a Mg concentration less than 0.20% is a 
more reliable index of a tetany prone forage. 
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N Rate-K Source on Smooth Bromegrass - 1972 
The statistical analysis for treatment effects on soil 
cation concentration will be discussed first, followed by a 
discussion of plant cation concentration differences associ-
ated with fertility treatments. Because fertilizer treatments 
had been applied during the previous two-year period, con-
siderable variation in fertility existed among the experimental 
plots prior to 1972 treatments. Thus, in addition to the 
current year's fertility treatment effects on plant cation 
concentration, we should be aware of inherent fertility levels 
established over previous years. No effort was made in this 
study to attribute differences in soil and plant cation values 
specifically to either past or present fertilizer treatments. 
As might be expected, fertilizer treatments resulted in 
very large differences in soil fertility levels. Means and 
LSD's for main effects are presented in Table J. Generally, 
each increasing level of N fertility was associated with a 
decrease in soil K concentration, total percent base satura-
tion, and soil pH, while only the highest level of N reduced 
Ca and Mg fertility levels. This might be expected because 
of increased forage yield and subsequent demand for cations, 
and the soil acidifying effect resulting from N fertilization. 
Potassium applications significantly increased soil K levels 
over those of the check. However, only slight differences 
were observed among K sources. Potassium fertilization 
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Table 3· Treatment means for soil cation exchange capacity 
and percentage saturation by individual cations 
Soil characteristics 
CEC K Ca Mg Na 
Treatment (meq/100 g) ------------(% saturation)------------
Nitrogen 
No 
Nl 
N2 
LSD (.01) 
(. 0 5) 
Potassium 
Ko 
Kl 
K2 
K3 
LSD (.01) 
(. 05) 
Depth (D) 
0-1 
1-2 
2-3 
3-6 
LSD (. 01) 
(.05) 
(N) 
(K) 
Interactions 
N x K 
K x D 
N x D 
N X K x D 
17.217 
17.175 
16.904 
( 1. 342) 
( . 809) 
17.006 
16.772 
17.250 
17.367 
( . 621) 
( . 469) 
17.794 
17.483 
16.583 
16.533 
( . 621) 
( . 469) 
** 
4.394 
2.961 
2.340 
(. 884) 
(. 533) 
2.4.53 
3.644 
3.328 
3.501 
(. 324) 
(.245) 
6.110 
2.679 
2.131 
2.007 
(.324) 
( . 24.5) 
** 
** 
** 
62.233 
59.844 
53.844 
(.5 . .596) 
(3.37.5) 
59.483 
60.192 
.58.206 
56.681 
(2.831) 
(2.137) 
53.289 
55.503 
59.831 
65.939 
(2.831) 
(2.137) 
** 
** 
17.644 
16.958 
14.138 
(2.370) 
(1.429) 
15.972 . 
15.150 
14.872 
18.992 
(1.135) 
( .857) 
16.772 
16.358 
16.242 
1.5.614 
(1.135) 
( . 8 51) 
** 
**Significant at the 1% level of probability. 
1.298 
1. .506 
1.549 
( 1. 010) 
( • 609) 
1.262 
1. .541 
1 . .578 
1.425 
(. 511) 
(. 386) 
2.321 
0.841 
1.1.54 
1.489 
(. 511) 
(.386) 
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slightly reduced soil Mg concentrations compared to the check, 
with the exception of KMgso 4 which very significantly increased 
Mg levels in the soil. KMgso4 applications reduced Ca con-
centrations but other K treatments had little effect on Ca 
levels in the soil. 
Variation in fertility among plots was also examined by 
depth. Cation exchange capacity, and K, Ca, Mg, and Na con-
centrations were determined by 0-2.54, 2.54-5.08, 5.08-7.62, 
and 7.62-15.24 em depth increments. Cation exchange capacity 
decreased with depth, with the two deepest increments being 
significantly lower in exchange capacity. Magnesium concentra-
tion also decreased in a manner similar to CEC. Potassium 
concentrations were significantly lower at each progressively 
deeper depth, whereas Ca concentrations were significantly 
higher at the deeper depths. 
Soil cation data were analyzed on both a kg/ha basis and 
as a percent saturation of the soil CEC. Results showed 
approximately equal significance with all cations regardless 
of the method of expressing cation concentration. As a result 
only the means for percent saturation have been listed in 
Table J. 
The statistical analysis of plant cation concentrations 
was conducted in two sections. Because plant material was 
not available for the N0 treatment during the first six sam-
pling days due to limited growth during that 12-day period, 
treatments N0 , N1 , and N2 were compared only during the last 
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eight harvest days, while treatments N1 and N2 were compared 
over all 14 harvest days. All absolute values for percent K, 
percent Ca, percent Mg and K to (Ca + Mg) ratio for treatments 
in the 1972 bromegrass study are presented in the Appendix 
Tables 18-29. 
The first part of this discussion will pertain to a com-
parison of treatments N1 and N2 over all sampling days. Gen-
eral trends will be discussed first with specific treatments 
and interactions examined later in this section. 
All main effects (N treatments, K treatments, and days) 
had very significant effects on plant cation concentration. 
Overall means and the LSD for each variable are listed in 
Table 4. Nitrogen effects were seen at all levels of N, but 
K differences were generally noted only between the K check 
and plots receiving K treatments. In most instances there 
was little difference between K sources. 
The N2 treatment resulted in a very significant decrease 
in the K to (Ca + Mg) ratio, with differences inK and Mg con-
centration being the primary cause. The N2 treatment in-
creased Mg concentration, decreased K concentration, and 
therefore decreased the cation ratio. Differences in Ca con-
centration resulting from N treatments were not significant. 
Plots receiving any of the K sources exhibited large 
increases in cation ratio over those of the check. The primary 
cause of the increase was a very significant increase in K 
concentration, although changes in Mg and Ca concentration 
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Table 4. Treatment means for dry matter percentage, cation 
cation concentration, and cation ratio of smooth 
bromegrass forage harvested during April and May, 
1972a 
Forage com~osition 
Dry K to 
matter K Ca Mg (Ca + Mg) 
Treatment (%) -------------(meq/100 g)-------------
Nitrogen (N) 
Nl 20.88 .082.5 . 0199 .0141 2 • .529 
N 2 19.34 .0710 • 0214 .0166 1.942 
LSD (.01) (3.42) (. 0140) (. 0040) ( • 0006) (. 099) 
LSD (. 05) ( l. 48) (. 0061) (.0017) ( • 0003) (. 043) 
Potassium (K) 
Ko 21.02 .0.574 .0242 .0171 1.423 
Kl 19.68 .0849 • 0197 .0132 2.659 
K2 19.80 . 0799 • 0206 .0152 2.297 
K3 19.93 .0847 .0182 .0159 2.563 
LSD (.01) (.79) (. 0031) (. 0009) (.0005) (.116) 
LSD (.05) (. 60) (. 0024) (.0007) (. 0004) (.088) 
Days (D) 
Apr. 22 19.26 .076.5 .0226 .0160 2.024 
24 21.60 .0718 .0214 • 0159 1.980 
26 25.93 • 072.5 .0222 .0166 1.910 
28 24.62 .0694 . 0241 . 0172 l. 725 
30 17.73 .0750 • 0223 .0168 1.991 
l\1ay 2 23.64 .0833 .0206 .0160 2.346 
4 18.03 .0836 .0221 .0139 2.J77 
6 .0840 . 022.5 .0160 2.3.54 
8 16.26 .0863 .0214 .0150 2.44.5 
aStatistical analysis conducted over all harvest days 
without the N0 treatment. 
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Table 4. (Continued) 
Forage com12osition 
Dry K to 
matter K Ca Mg (Ca + Mg) 
Treatment (%) -------------(meq/100 g)-------------
Days {D) 
May 10 18.25 .0837 • 0201 .0150 2.484 
12 12.39 . 0809 .0208 .0143 2.442 
14 16.17 .0755 • 0157 .0137 2.695 
16 17.84 .0757 .0155 • 0141 2.708 
31 24.70 . 0560 .0184 .0150 1. 811 
LSD {. 01) ( 1. 42) {.0058) {. 0017 (. 0009) {. 217) 
LSD {. 05) { 1. 08) (. 0044) (.0013) {. 0007) { .164) 
Interactions 
N X K ** ** ** 
K X D ** ** ** 
N X D ** ** ** 
**Significant at the 1% level of probability. 
also contributed. Plant samples from the K check plot were 
much higher in both Mg and Ca concentration than plots receiv-
ing any of the K sources. The ~1gS04 treatment did little to 
increase plant Mg concentration even though it had resulted in 
a significant increase in soil Mg levels. The KMgS0 4 treat-
ments, however, were slightly higher in Mg concentration com-
pared to the KCl treatment, although all three were signifi-
cantly lower than the K check. The KMgso 4 plots resulted in 
the lowest plant Ca concentration. This may have been expected 
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because of increased divalent cation competition. However, 
the large decrease inCa was associated with only a small in-
crease in plant Mg. 
The significant effects of days on cation concentration 
and ratio seems to be related to environmental conditions, 
especially air temperature. Mean daily air temperatures are 
presented in Figure 5. Maximum and minimum air temperatures 
and rainfall are listed in the Appendix, Table 17. 
On April JO, May 2, and May 14 there were significant in-
creases in cation ratio. Observing Figure 5, we note that 
these increases occur several days after sharp rises in tem-
perature on April 28 and May 11. This is consistent with the 
theory that ruminant livestock grazing forage grasses are par-
ticularly susceptible to tetany several days after a rise above 
14°C (Kemp and t'Hart, 1957). Although the temperature rise on 
April 28 did not exceed 14°C, it appears that it is a factor 
influencing cation concentrations. We should also note the rise 
above 14°C that occurred on April 16, before sampling was initi-
ated. This temperature might have contributed to the initially 
high ratio values observed on April 22, the first harvest day. 
The second part of the statistical analysisonplant cation 
values consisted of a comparison of all N treatments over the 
last eight sampling dates, and somewhat different results were 
obtained. Overall means and their LSD's are shown in Table 5. 
Plant Mg concentrations increased for all levels of N 
fertilization. Converting the means which are expressed in 
milliequivalents in Table 5, to percentage values, gives an 
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Figure 5. Mean daily air temperatures for Ames, Iowa, during April and May 1972 
(climatological data, U.S. Department of Commerce, National Oceanic 
and Atmospheric Administration) 
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Table 5. Treatment means for dry matter percentage, cation 
concentration, and cation ratio of smooth bromegrass 
forage harvested during the last 8 sampling days in 
May 1972 
Forage comEosition 
Dry K to 
matter K Ca Mg (Ca + Mg) 
Treatment (%) -------------(meq/100 g)-------------
Nitrogen (N) 
No 25.96 .0719 • 0209 . 0109 2.295 
Nl 19.21 .0857 .0188 .0131 2.808 
N2 17.54 .0708 • 0203 .0161 2.021 
LSD (.01) (2.73) (.0066) (.0017) (.0011) (. 266 
LSD (. 05) (1.6.5) (. 0040) (. 0010) (.0007) ( . 161) 
Potassium (K) 
Ko 21.69 .0601 . 0223 .0148 1.692 
Kl 20.15 .0824 . 0197 .0118 2.676 
K2 20.98 . 0790 .0198 .0132 2.454 
K3 20.80 .0829 .0181 .0137 2.677 
LSD (.01) (.85) ( . 0032) (.0006) (. 0004) (.110) 
LSD (. 05) (.6.5) (.0024) (.0005) (. 0003) ( . 083) 
Days (D) 
May 4 20.53 .0781 .0229 . 0128 2.221 
6 .0793 .0232 .0146 2.211 
8 18.68 .0815 • 0221 .0138 2.319 
10 20.81 .0802 • 0208 .0138 2.388 
12 20.34 . 0793 .0210 .0131 2.428 
14 19.01 .0741 .0160 . 0124 2.669 
16 20.8.5 .0747 .0161 .0129 2.684 
31 26.13 .0618 • 0179 .0137 2.079 
LSD (. 01) ( 1.13) (. 0045) (. 0009) ( . 0006) ( .155) 
LSD (.05) ( .86 ( • OOJ4-) (. 0007) (.0005) ( .118) 
Table 5. (Continued) 
Treatment 
Interactions 
N X K 
N x D 
K x D 
Dry 
matter 
(%) 
** 
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Forage composition 
K to 
K C a Mg ( C a + Mg) 
------------- (meq/100 g.)-------------
** ** ** ** 
** ** ** ** 
* 
**Significant at the 1% level of probability. 
*Significant at the 5% level of probability. 
average of O.lJ%, 0.15%, and 0.19% for the N0 , N1 , and N2 
treatments, respectively. None of the means, however, are 
above the critical 0.20% level suggested as being safe with 
regard to tetany (Kemp, 1960). It has been reported in the 
literature (Christensen, White and Doll, 1973) that lower 
soil pH tends to favor Mg uptake by plants. A reduction in 
pH in the surface 7.62 em of soil observed in this study 
(Table 6) may, therefore, partially explain this trend for 
plant Mg concentration associated with increasing N treatments. 
Calcium and K react quite differently compared to Mg. The 
first level of N significantly increases K and decreases Ca, 
while the high N rate decreases K and increases Ca to approxi-
mately the same levels as the N check. This results in a low 
ratio of K to (Ca + Mg) for the N0 and N2 treatments, and a 
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Table 6. Treatment means for soil pH and buffer pH 
0-7.62 and 7.62-15.24 em root depth 
at the 
EH values 
Treatment Soil Buffer Soil Buffer 
o-z.62 em z.62-1_2.24 em 
Nitrogen (N) 
No 6.26 6.62 6.24 
Nl 6.01 6.51 6.21 
N2 5.44 6.20 6.09 
LSD (.01) (.J8) ( .15) (. 29) 
LSD (.05) (. 23) (. 09) ( .17) 
Potassium (K) 
Ko 5·95 6.49 6.26 
Kl 5.87 6.42 6.22 
K2 5.87 6.42 6.13 
KJ 5.91 6.45 6.11 
LSD (.01) ( .12) (. 07) ( .11) 
LSD (. 05) (. 09) (. 05) (.08) 
Interaction 
N x K * ** 
**Significant at the 1% level of probability. 
*Significant at the 5% level of probability. 
6.64 
6.61 
6.56 
(. 09) 
(.06) 
6.6J 
6.62 
6.54 
6.61 
(. 08) 
(. 05) 
high average ratio for the N1 treatment. As pointed out before 
the higher N rates also gave a significant increase in Mg con-
centration. 
The reasons for this reversal of the K and Ca trends 
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caused by the N2 treatment are not clearly evident. However, 
a theory which may provide a partial explanation will be pre-
sented. Nitrogen fertility has been shown to alter root CEC 
(Smith and Wallace, 1956b; McLean, Adams and Franklin, 1956) 
with higher N rates resulting in higher root CEC values. If 
an increase in root CEC favors the uptake of divalent cations 
over monovalent cations, this may provide a reasonable ex-
planation for the decrease in K concentration and the increase 
in Ca concentration at the N2 level. The N1 treatment may not 
have effected sufficient change in root CEC to overcome the K 
uptake associated with rapid lush growth promoted by an abun-
dance of N and K in the soil. 
All K sources produced Mg concentrations well below that 
of the check. Although there is a significant difference 
statistically between sources with regard to plant Mg levels, 
the range is from 0.142% with KCl to 0.164% with KMgso 4 , a 
difference of only 0.022%. The Mg concentration in both cases 
remains well below the critical level of 0.20% suggested by 
other workers (Kemp, 1960). All K sources also depressed plant 
Ca levels. The greatest decrease is associated with the 
KMgso4 treatment, very likely a result of increased divalent 
cation competition from the higher soil Mg levels previously 
discussed. 
Plant K concentration is highly influenced by K applica-
tions, and the KCl and KMgso 4 treatments show the greatest 
increases. Again the K to (Ca + Mg) ratio is closely related 
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to forage K concentration, demonstrating the K concentration 
is the principal factor affecting the cation ratio. 
Cation ratios follow the same trend as when analyzed over 
all sampling days. Because we are only concerned in this 
analysis with the time period of May 4 through May Jl, 
temperature fluctuations on April 16 and May 28 are of no 
concern. There is again, however, a good relationship between 
temperature and cation ratios in the last few days. The tem-
perature rise on May 11 appears to result in a large ratio 
increase on May 14. A sudden reduction in Ca and Mg concen-
tration appears to be the major cause for this increase in 
ratio values. 
A number of very significant interactions should also be 
considered at this point. We have found that for nearly every 
cation except Na there is a significant nitrogen x potassium, 
nitrogen x day, and potassium x day interaction (Tables 4 and 
5). For the purpose of discussion, Figures 6, 7, 8, and 9 
illustrate the K, Ca, and Mg concentrations and K to (Ca + Mg) 
ratio, respectively, with the different treatments over time. 
Cation data in these figures are expressed in milliequivalents 
as this is the term in which they are used in the equation 
determining cation ratio. All N treatments are illustrated. 
However, only two of the four K treatments, the K check and 
the KMgS0 4 treatment, are presented. As we have previously 
noted there are some significant differences as a result of 
K sources. However, it is believed that the major causes of 
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Figure 6. Potassium concentration of smooth bromegrass forage harvested during 
April and May 1972 
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Figure 7. Calcium concentration of smooth bromegrass forage harvested during 
April and May 1972 
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Figure 8. Magnesium concentration of smooth bromegrass forage harvested during 
April and May 1972 · 
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Figure 9. Effect of time and fertilizer treatments on the K to (Ca + Mg) ratio of 
smooth bromegrass forage harvested in April and May 1972 
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cation concentration differences are introduced by the N 
treatments and the K check as opposed to differences among 
the K sources. The KMgso4 response is typical of all K 
sources and, therefore, is the only illustrated in the figures. 
Figure 9 shows that at each level of N the addition of 
K is responsible for a large increase in cation ratios. This 
is observed even though the K treatment in Figure 9 includes 
a Mg source. There again appears to be a clear relationship 
between temperature variations and cation ratios. It is 
apparent, though, that without a K source most of the potential 
danger of high cation ratios is removed. All of the K0 treat-
ments resist any large increases in cation ratio due to tem-
perature variation. Only at the highest level of N with a K 
source is there some resistance to increasing ratios caused 
by temperature increases beginning on May 11. Even then the 
ratio remains slightly above 2.2 for the major proportion of 
the harvest period. 
A comparison of .Figures 6 and 9 reveals that the two are 
very similar in many respects. The greatest disparity occurs 
on May 12-16. While the ratio continues to rise with most 
treatments, the K concentration is beginning to decline. The 
May 12-16 time interval coincides with the increase in ratio 
associated with a temperature increase above 14°C on May 11. 
However, since the K concentration is generally declining 
during this time period, an even sharper decline in Ca and Mg 
concentration is necessary to provide a higher K to (Ca + Mg) 
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ratio. Calcium and Mg concentrations can be seen in Figures 
7 and 8, where declines in these two divalent cations associ-
ated with temperature increases are obvious. 
Further observation reveals that for treatments receiving 
K fertilizer, the K, Ca, and Mg concentrations all influence 
the day to day variation in ratio. However, forK check plots, 
K concentration has only a minor role in determining the day 
to day variations in ratio, while Ca and Mg exert substantial 
influence. If we relate these facts to data in the 1971 
species survey previously discussed, we will note that none 
of the species received K fertilizer in 1971, and that they all 
reacted similarly to the K check plots in the 1972 bromegrass 
study. .That is, while K concentration determined which ratios 
had the highest averages over the season, variations in Ca and 
Mg concentration were principally responsible for day to day 
variation. Where K fertility is not limiting, K concentration 
also contributes to the day to day variation, making the 
situation even more hazardous with respect to grass tetany. 
It is interesting to note that the N1K0 plots in the 1972 
study are most similar with respect to Nand K treatments 
compared to plots from which all species were harvested in 
1971. In 1971 the K to (Ca + :Mg) ratio of smooth bromegrass 
varied from l.JO to 1.89. Thus, in the species evaluation it 
appeared to be a nontetany prone species. In 1972 the cation 
ratio of the N1K0 treatment ranged from l.JO to 1.97, showing 
a similar response observed for bromegrass in the 1971 survey. 
However, with higher K fertility in 1972, associated with K 
treatments, this same species was capable of producing K to 
(Ca + Mg) ratios in excess of 4.0. If we are allowed to ex-
tend this analogy to other species observed in the 1971 
survey, which even under low K fertility showed indications 
of being tetany prone, then higher K rates might have resulted 
in even greater cation ratios indicating extreme hazards for 
the induction of grass tetany in grazing ruminant livestock. 
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SUMiv"J..ARY AND CONCLUSIONS 
It appears that the hazard of grass tetany may be associ-
ated with almost any cool season forage grass spec~es under 
certain fertility and environmental conditions. Relatively 
cool temperatures followed by a sudden rise above 14°C con-
tributed to an increase in forage K concentration, a decrease 
in Ca and especially Mg concentration, and a resulting large 
increase in the K to (Ca + Mg) ratio, thereby increasing the 
apparent hazard of grass tetany. 
Nitrogen fertility in this study did not appear to in-
crease the risk of grass tetany based on cation concentrations 
and cation ratios of the grass forage. There is a feeling 
that lush growth produced by high N fertility may reduce ~g 
intake of ruminants due to a dilution effect, as more water 
and less forage is consumed. In this study the first level of 
N fertilization resulted in a 25% reduction in forage dry 
matter percentage due to a more succulent condition of the 
forage. However, the reduction in Mg intake by the animal 
caused by a lower dry matter percentage would be substantially 
offset by the 20% increase in Mg concentration also attributed 
to the N1 level of fertility. 
The major concern appears to be K fertility. Potassium 
was responsible for extremely high cation ratios and a severe 
reduction in Mg concentration found in the forage. Therefore, 
it appears to make little difference which indicator is used 
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to predict the risk of tetany, a K to (Ca + Mg) ratio above 
2.2 or a Mg concentration below .20%, as high K fertility was 
generally associated with a higher ratio and a lower Mg con-
centration in the forage. 
Iowa State University currently recommends annual rates of 
up to 240 lbs/acre Nand 50 lbs/acreK2o) for tall cool-season 
grass pastures. It is interesting to note that these recom-
mendations are identical to the N1 treatment and approximately 
half the K rate for each of the three K sources used in this 
study. An evaluation of this particular treatment combination 
revealed it to be the most potentially dangerous with respect 
to cation ratios and Mg concentrations of the forage. The 
. same rate of K in the absence of N had a relatively low risk 
of tetany based on cation relationships. This should in-
stantly bring to mind some very serious practical implications. 
The results of this study seem to suggest that present recom-
mendations for N and K fertilization are potentially hazardous 
with respect to grass tetany. If environmental conditions 
conducive to tetany are also present, then this potential may 
exhibit itself in severe livestock losses. It seems as though 
current fertilizer recommendations are in need of reconsidera-
tion and perhaps revision if forage quality and resulting 
animal performance are considered along with the desire to 
maximize forage yield. The data in this study suggest two 
major points of consideration. 
First, Mg uptake tends to be enhanced by increased N 
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fertility. This can be explained at least partially by the 
lowering of pH in the top J inches of soil associated with 
increased N fertility. If this lowering of pH enhances Mg 
uptake then a second look might be taken at current lime 
recommendations to correct soil acidity created by the use of 
N fertilizers. At the present time, Iowa State University 
recommendations suggest the liming of grass pastures when soil 
pH is less than 6.0. In a separate study conducted on these 
same experimental plots (George, 197J), the lowering of pH by 
the N2 level of fertilization over the N1 level has not been 
found to be detrimental to forage yield, yet it has increased 
Mg uptake. Therefore a pH of 5.3 associated with the N2 treat-
ment was not detrimental to yield and appeared to increase 
Mg uptake. In fact, a lower pH may be desirable if grass 
tetany is a problem. Furthermore, the need to lime grass 
pastures is generally considered to be less critical compared 
to legume stands or legume-grass mixtures. 
Secondly, we must consider the theory that a K to (Ca + 
Mg) ratio above 2.2 enhances the development of tetany. If 
day to day temperature fluctuations could be eliminated, the 
major cause of high cation ratio and lowered Mg concentration 
appears to be high K fertility. The solution in this case may 
consist of eliminating fall or early spring applications of K. 
Potassium might be applied slightly later in the spring, 
therefore, lessening interference with Mg uptake and also 
creating a minimum decrease in yield potential. 
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It may be agreed that high fertility is justified to 
achieve high forage yield potential. However, management 
practices which include high K fertility, especially when 
applied during the early spring or late fall tetany period, 
should include a wariness on the part of forage-livestock 
managers to the apparent greater risk of grass tetany, 
especially when specific environmental conditions such as 
temperature fluctuations are present. 
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Table 7. Cation concentrations and cation milliequivalent 
ratio for smooth bromegrass during May and June 1971 
K to 
(Ca + Mg) 
Date % K % Mg % Ca meq/meq 
May 10 2.21 .238 .475 1.30 
11 2.41 .198 .460 1. 56 
12 2.50 .215 • 525 1.45 
13 2.60 .226 ·550 1.44 
14 2.52 .217 .555 1.41 
15 2.48 .207 .507 1.50 
16 2.50 .161 .420 1.86 
17 2.55 .166 .445 1.82 
18 2.45 .20J .420 1.66 
19 2.52 .205 .423 1.69 
20 2.52 .215 .468 1. 57 
21 2.02 .211 .448 1.30 
22 2.5J .210 .433 1.66 
23 2.46 .216 .430 1.60 
24 2.38 .225 .460 1.46 
25 2.52 .246 .498 1.43 
26 2.90 .215 .428 1.89 
27 2.5J .206 .420 1. 70 
June 6 2.27 .170 .J55 1. 82 
16 2.13 .171 .J45 1. 74 
8.3 
Table 8. Cation concentrations and cation milliequivalent 
ratio for Kentucky bluegrass during May and June 
1971 
K to 
(Ca + Mg) 
Date % K ~~ Mg % Ca meq/meq 
l.Vlay 10 2.,)6 .190 . .)44 1. 8.3 
11 1.94 .182 .J25 1. 59 
12 1. 8.3 .186 .J54 1.41 
1.3 1. 79 .194 .,)60 1. .34 
14 1. 79 .195 • .)78 1. .30 
15 1. 79 .194 • .)42 1. .38 
16 2.08 .182 .298 1. 77 
17 2.00 .182 .J25 1. 6.3 
18 2.06 .185 .J15 1. 70 
19 2.21 .170 .250 2.12 
20 2.21 .175 .268 2.0,) 
21 2.07 .178 .285 1. 82 
22 2.,)1 .192 .,)06 1. 89 
2.3 2.12 .188 .286 1.82 
24 2.1.3 .19.3 .285 1.80 
25 2.02 .200 .,)09 1.61 
26 2.05 .168 .245 1.99 
27 1. 68 .194 .,)16 1..34 
June 6 1. 6.3 .2,)6 .JJ5 1.11 
16 1. 59 .215 .,)16 1.21 
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Table 9. Cation concentrations and cation milliequivalent 
ratio for orchardgrass during May and June 1971 
K to 
Date % K % Mg % Ca 
(Ca + Mg) 
meq/meq 
May 10 3.69 .241 .355 2.49 
11 3.56 .244 ·398 2.27 
12 3·31 .250 .425 2.02 
13 3.46 .255 .460 2.00 
14 3.36 .265 .480 1. 87 
15 3.81 .272 .435 2.20 
16 3.68 .263 .430 2.18 
17 3.86 .268 .450 2.21 
18 4.20 .280 .340 2.81 
19 4.23 .264 .340 2.93 
20 3.78 .240 .298 2.77 
21 3.74 .250 ·330 2.16 
22 4.09 .272 ·330 2.67 
23 4.06 .285 ·330 2.58 
24 4.02 .295 .344 2.47 
25 4.29 .295 ·378 2.53 
26 4.68 .250 .325 3.23 
27 3·97 .278 .365 2.46 
June 6 3.56 .400 .430 1.67 
16 3.19 .352 ·390 1.67 
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Table 10. Cation concentrations and cation milliequivalent 
ratio for meadow foxtail during May and June 1971 
K to 
Date % K ~·~ Mg % Ca 
( Ca + Mg) 
meq/meq 
May 10 3.34 .226 .410 2.18 
11 3.14 .252 .460 1.83 
12 3.64 .240 .420 2.28 
13 3.29 .258 .505 1.80 
14 3.26 .258 .515 1. 71 
15 3.83 .262 .455 2.20 
16 3.09 .228 .440 1.93 
17 3.34 .250 .442 1.97 
18 2.91 .258 .446 1. 71 
19 3.24 .255 .450 1.90 
20 3.10 .245 .455 1.86 
21 3.10 .272 .460 1.74 
22 3.22 . 252 .420 1.97 
23 3.4o .247 .405 2.13 
24 2.89 .269 .468 1.62 
25 3.14 .292 .482 1.67 
26 3.10 .280 .435 1. 76 
27 3.28 .269 .470 1.83 
June 6 3.43 .300 .446 1. 86 
16 2.90 .297 .426 1.61 
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Table 11. Cation concentrations and cation milliequivalent 
ratio for tall wheatgrass during May and June 1971 
K to 
Date % K % Mg % Ca 
(Ca + Mg) 
meq/meq 
May 10 
11 J.Jl . 20.3 .495 2.04 
12 2.72 • 21.3 .495 1.64 
1.3 2.61 .205 .580 1.45 
14 J.46 .195 .42.3 2 • .37 
15 2. 79 .218 .500 1.66 
16 J.02 .19.3 .J85 2.19 
17 J.09 .2.31 . 547 1.80 
18 2.89 .18J .J4.3 2.28 
19 J.09 .20.3 .J8.3 2.20 
20 J.05 .200 .405 2.11 
21 2.94 .178 ·.398 2.17 
22 2 . .31 .188 ·.395 1. 67 
2.3 2.60 .200 .J8.3 1.85 
24 2.70 .185 .J96 1.96 
25 2.79 .16.3 .J26 1.10 
26 2.54 .15.3 .J4.3 2.17 
27 1.97 .168 ·.37.3 1. 54 
June 6 2.48 .155 ·.378 1.20 
16 2 • .32 .218 ·.3.32 1. 71 
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Table 12. Cation concentrations and cation milliequivalent 
ratio for crested wheatgrass during May and June 
1971 
K to 
(Ca + Mg) 
Date % K % Mg % Ca meqjmeq 
May 10 2.61 .176 .4J6 1. 52 
11 2.89 .161 .J71 2.JJ 
12 2.89 .188 .4J8 1.97 
lJ 2.64 .188 .457 1.75 
14 2.70 .189 .446 1. 82 
15 2. 82 .212 .492 1. 71 
16 2.07 .188 .)66 2.J2 
17 2.4J .171 .J90 1.85 
18 J.l4 .191 .J45 2.44 
19 2.9J .190 .J69 2.20 
20 2.51 .183 .429 1. 76 
21 2.)0 .174 .415 1.67 
22 2.24 .179 .)60 1. 74 
2J 2.56 .210 . 519 1.51 
24 2.51 .207 .)88 1. 75 
25 
26 
27 
June 6 2.48 .174 .J82 1.89 
16 2.14 .189 .J26 1. 71 
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Table 13. Cation concentrations and cation milliequivalent 
ratio for Canada wildrye during May and June 1971 
K to 
(Ca + Mg) 
Date % K ~~ Mg % Ca meq/meq 
May 10 3.46 .208 .382 2.44 
11 3.13 .151 .412 2.42 
12 J.ll .178 .472 2.08 
13 3.06 .184 .503 1.94 
14 3.14 .188 .563 1.84 
15 3.18 .195 .620 1.73 
16 3.1J .161 .404 2.39 
17 3.05 .160 . 395 2.37 
18 3.28 .172 .402 2.44 
19 3.01 .170 .427 2.17 
20 2.84 .156 .295 2.22 
21 2.74 .169 .411 2.02 
22 2.86 .171 .432 2.04 
23 2.96 .158 .J99 2.29 
24 2.98 .160 ·374 2.40 
25 3.10 .175 .415 2.24 
26 3.09 .155 .385 2.46 
27 2.81 .156 ·399 2.18 
June 6 2.89 .179 .386 2.17 
16 2.46 .199 .401 1.73 
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Table 14. Cation concentrations and cation milliequivalent 
ratio for tall oatgrass during May and June 1971 
K to 
Date % K % Mg % Ca 
(Ca + Mg) 
meq/meq 
May 10 ).96 .2)6 .4J5 2.45 
11 4.41 .276 .444 2.50 
12 ;.41 .250 .440 2.24 
13 ;.41 .269 .4JJ 1.98 
14 4.08 .)05 .506 2.06 
15 4.18 .287 .448 2.Jl 
16 4.01 .292 .457 2.18 
17 J.94 .250 .4)0 2.J4 
18 4.0J .270 .425 2. 52 
19 J.69 .JOJ .485 1.91 
20 J.42 .224 .J98 2.27 
21 J.48 .285 .429 1.97 
22 ).59 .270 .404 2.1J 
2J J.66 .250 .415 2.26 
24 J.48 .JOB .448 2.25 
25 J.44 .281 .444 1.94 
26 J.44 .JJ1 .500 1.68 
27 J.OO .285 .422 1. 58 
June 6 J.J7 .280 .410 1.97 
16 2.J2 .219 .J65 1.62 
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Table 15. Cation concentrations and cation milliequivalent 
ratio for reed canarygrass during May and June 1971 
K to 
Date % K % Mg 
(Ca + Mg) 
% Ca · meqjmeq 
May 10 3.38 .285 .457 1.86 
11 3·57 .292 .412 2.04 
12 J.51 .292 .440 1.94 
13 3.44 .270 .415 2.04 
14 3.59 .27.3 .420 2.10 
15 ).58 .295 .462 1.92 
16 .3·59 .260 .372 2.4.3 
17 J.55 .272 ·395 2.15 
18 3.74 .262 .J48 2.45 
19 3.56 .272 .J75 2.21 
20 J.64 .280 ·.375 2.22 
21 3.49 .262 .J25 2 • .35 
22 3.4o .272 ·350 2.17 
2.3 .).46 .297 .J90 2.00 
24 J.49 .Jl.3 .J86 1.97 
25 3.49 ·.337 .425 1.81 
26 J.34 .Jl2 .402 1. 86 
27 J.51 .310 ·372 2.03 
June 6 3.06 . .325 .365 1. 74 
16 3.05 .315 .366 1.76 
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Table 16. Maximum and minimum air temperatures and rainfall 
for May and June 1971 (climatological data, u.s. 
Department of Commerce, National Oceanic and At-
mospheric Administration) 
TemEerature Rainfall a TemEerature Rainfall 
Day Max. Min. (em) Max. Min. (em) 
May June 
1 57 35 T 83 .5.5 
2 .56 34 78 45 
3 65 37 88 .54 
4 70 4.5 0.12 91 64 
5 72 46 0.07 90 57 0.09 
6 67 50 0.03 89 64 0.25 
7 59 48 0.22 84 60 0.5.5 
8 69 43 76 5.5 
9 74 39 73 .58 T 
10 71 .53 0.01 84 63 0.06 
11 71 52 8.5 67 
12 62 3.5 91 65 
13 82 39 87 65 
14 86 49 86 65 0.24 
1.5 85 50 72 63 0.09 
16 83 51 8.5 63 
17 82 60 87 65 
18 73 56 1.92 88 66 0.14 
19 60 44 0.42 94 71 
20 69 41 92 71 0.10 
21 70 .50 81 60 
22 69 50 86 63 0.08 
23 69 55 0.27 88 62 
24 65 50 0.24 95 61 
25 51 44 96 65 
26 57 37 96 70 
27 67 40 95 74 
28 71 43 96 71 
29 76 4.5 94 69 
30 78 49 90 65 2.08 
31 84 56 0.06 
~ = trace. 
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Table 17. Maximum and minimum air temperatures and rainfall 
for April and May 1972 (climatological data, U.S. 
Department of Commerce, National Oceanic and At-
mospheric Administration} 
Tem}2erature Rainfall Tem12erature Rainfall 
Day Max. Min. (em) Max. Min. (em) 
April May 
1 63 49 0.14 
2 57 40 0.26 
3 67 42 
4 63 44 0.04 
5 63 41 0.14 
6 62 49 1.02 
7 50 44 0.37 
8 61 42 
9 65 40 
10 71 33 65 40 
11 69 42 69 48 
12 64 42 76 48 
13 65 43 71 51 0.57 
14 63 37 0.04 64 50 0.12 
15 60 33 0.01 75 48 
16 70 46 1. 08 83 52 
17 77 40 84 55 
18 81 56 83 55 
19 69 40 0.15 85 55 
20 48 42 86 57 
21 49 43 0.29 87 57 
22 51 33 88 59 
23 57 34 87 58 0.19 
24 53 34 76 59 0.19 
25 60 31 81 53 
26 63 34 86 59 0.52 
27 59 46 0.05 82 58 0.03 
28 68 46 0.58 76 61 0.39 
29 63 49 0.65 72 57 0.07 
30 64 50 0.03 65 47 0.05 
31 68 40 
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Table 18. Cation concentrations and cation milliequivalent 
ratios for smooth brome grass with the N0K0 treat-menta during Nay 1972 
K to 
Date % K % Mg % Ca 
(Ca + Mg~ 
meq/meq 
J.Viay 4 2.679c 0.124 0.486 1.990 
2.594 0.126 0.538 1. 780 
2.566 0.126 0.486 1.890 
6 2.972 0.142 o.5o6 2.040 
2.726 0.134 0.458 2.050 
2.672 0.152 0.514 1. 780 
8 2.761 0.142 0.490 1.950 
2.761 0.130 0.458 2.090 
2.839 0.142 o.5o6 1.960 
10 2.800 0.134 o.432 2.190 
2.851 0.136 o.436 2.210 
2.551 0.146 0.496 1.770 
12 2.976 0.125 0.446 2.330 
2.976 0.118 0.396 2.580 
2.874 0.132 o.432 2.260 
aln Tables 18 through 38, fertilizer treatments N , N~, 
and N2 consisted of a check (no nitrogen), 250, and 508 kg!ha 
nitrogen, respectively; fertilizer treatment K0 was a check 
(no potassium), and treatments K1 , K2 , and K1 consisted of 125 
kg/ha potassium applied in the form of KCl, K2so4 and KMg~o4 , 
respectively. 
bin Tables 18 through 29, milliequivalents are calculated 
by dividing% K, % Mg and % Ca by 39, 12, and 20, respectively. 
cln Tables 18 through 29, the three values for each day 
represent replications I, II, III, respectively. 
/ 
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Table 18. (Continued) 
K to 
(Ca + Mg) 
Date ~~ K % Mg % Ca meq/meq 
lVIay 14 2. 7.38 0.115 0.)28 2.700 
2.785 0.116 0 . .316 2.840 
2.648 0.126 o • .356 2 . .390 
16 2.86.3 0.126 0.)56 2.)90 
2. 902 0.126 0 • .356 2.590 
2.660 0,127 O.J40 2.700 
.31 2.781 0.1.30 0.)64 2.450 
2.840 0.1.3.3 0.)42 2.580 
2.469 0.114 0.270 2.750 
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Table 19. Cation concentrations and cation milliequivalent 
ratios for smooth bromegrass with the N0K1 treat-ment during May 1972 
K to 
( Ca + lVIg) 
Date % K % lVlg % Ca meq/meq 
r{Jay 4 2.480 0.126 0.516 1. 750 
2.605 0.120 0.506 1. 890 
2.660 0.125 0.486 1.970 
6 2.570 O.lJJ 0.514 1.790 
2.746 O.lJ4 0.498 1.950 
2.886 O.llJ 0.5J4 2.050 
8 2.788 O.lJl 0.508 1.970 
2.929 O.lJJ 0.512 2.050 
2.781 0.126 0.458 2.1JO 
10 2.941 O.lJ2 0.472 2.180 
2.968 O.lJ2 0.462 2.2JO 
2.991 O.lJ2 0.542 2.280 
12 2.874 0.118 0.428 2.J60 
J.l75 0.120 o.4J6 2.560 
2.925 0.125 0.456 2.260 
14 2.714 0.112 O.J52 2.590 
J.089 0.112 O.J22 2.JJO 
2.912 0.112 O.J42 2.7JO 
16 2.808 0.118 O.J70 2.540 
2.9J7 0.116 O.J60 2.720 
2.7J8 0.124 0.)82 2.J90 
Jl 2.91J 0.125 O.J28 2.790 
2.882 0.125 O.JJ6 2.720 
2.816 0.127 O.J68 2.490 
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Table 20. Cation concentrations and cation milliequivalent 
ratios for smooth bromegrass with the N0K2 treat-ment during May 1972 
K to 
(Ca + Mg) 
Date % K % Mg % Ca meq/meq 
May 4 2.590 0.126 0.530 1.790 
2.594 0.127 0.520 1. 820 
2.750 0.124 0.460 2.120 
6 2.804 O.lJO 0.458 2.130 
2.617 0.128 0.464 1.980 
2.617 0.144 0.560 1.680 
8 2.761 0.128 0.450 2.130 
2.761 0.124 0.426 2.240 
2.929 O.lJ6 0.508 2.050 
10 2.878 0.128 0.428 2.JOO 
2.750 0.118 0.390 2.410 
J.Ol1 0.132 0.448 2.Jl0 
12 J.214 0.115 0.]68 2.940 
2. 902 0.115 0.402 2.510 
J.026 0.122 0.448 2.J80 
14 2.508 0.118 0.376 2.250 
2.8J5 0.118 O.J42 2.700 
2.812 0.122 O.J80 2.440 
16 2 ·952 0.121 O.J48 2.750 
2.7J4 0.112 O.J22 2.760 
2.714 0.120 O.J44 2.560 
31 2.882 0.128 O.J50 2.620 
2.964 0.127 O.JJ6 2.770 
2.730 0.127 O.J46 2.510 
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Table 21. Cation concentrations and cation milliequivalent 
ratios for smooth bromegrass with the N0K3 treat-ment during May 1972 
K to 
Date % K % Mg 
(Ca + Mg) 
% Ca meqjmeq 
May 4 2.5J5 O.lJ8 o.4J8 1. 550 
2.5J9 O.lJO 0.442 1.980 
2.761 0.1J6 0.496 1.960 
6 2.777 0.170 0.484 l. 850 
2.5J9 0.154 0.450 1.840 
2.726 0.156 0.458 1.950 
8 2.761 0.149 0.402 2.180 
2.761 0.145 0.440 .2. 080 
2.761 0.145 0.480 1.960 
10 2.878 0.155 0.468 2.0JO 
2.902 0.139 O.J82 2.420 
2.800 0.151 0.460 2. 020 
12 2.964 0.150 0.460 2.140 
2.8J9 O.lJ8 O.J68 2.4JO 
2.902 0.150 0.482 2.0JO 
14 2.707 O.lJO O.Jl4 2.620 
2.944 0.122 0.278 J.lJO 
2.777 0.126 O.J20 2.680 
16 2.991 0.143 O.Jl2 2.790 
2.902 0.126 0.292 2.960 
2.808 O.lJ8 O.J26 2.590 
Jl 2.913 0.146 O.J42 2.550 
J.249 0.150 O.JJ8 2.8JO 
2.824 0.148 0.376 2.JJO 
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Table 22. Cation concentrations and cation milliequivalent 
ratios for smooth bromegrass with the N1K0 treat-ment during April and May 1972 
K to 
( Ca + Mg) 
Date % K % Mg % Ca meq/meq 
April 22 2.824 0.179 o.432 1.980 
2.773 0.191 0.536 1.670 
2.925 0.184 0.558 1.740 
24 2.582 0.186 o.436 1. 770 
2.087 0.208 o. 5.30 1.220 
2.649 0.190 0.538 1.590 
26 2.320 0.200 o.436 1.550 
2.204 0.214 0.510 1.300 
2.480 0.202 0.510 1. 500 
28 1.954 0.218 0.510 1.150 
2.110 0.230 0.528 1.190 
2.500 0.204 0.482 1. 560 
30 2.336 0.221 0.600 1.240 
2.168 0.217 0.476 1.330 
2.625 0.184 0.414 2.120 
May 2 2. 5?5 0.193 0.410 1. 780 
2.4 5 0.216 0.472 1. 510 
2.980 0.184 0.414 2.120 
4 2.972 0.190 0.506 1.850 
2.270 0.190 0.536 1.370 
3.631 0.162 0.488 2.460 
6 2.629 0.200 0.478 1.660 
2.851 0.214 0.532 1.650 
2.921 0.184 0.492 1. 880 
8 2.398 0.196 0.506 1.480 
2.398 0.190 0.480 1.550 
2.890 0.188 0.480 1.900 
10 2.629 0.192 0.472 1. 700 
2.8J9 0.186 0.528 1.740 
2.800 0.178 o.4J6 1.960 
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Table 22. (Continued) 
K to 
Date % K % Mg 
(Ca + Mg) 
% Ca meq/meq 
May 12 2.075 0.180 0.468 1. .390 
2 • .)6.3 0.157 0.446 1. 710 
2.750 0.180 0.490 1.780 
14 1.981 0.178 0 • .)72 1. 520 
2.07.5 0.162 0 • .)72 1.660 
2.562 0.154 0 • .)28 2.240 
16 2.625 0.160 0 • .)18 2 • .)00 
2.129 0.169 0 . .)40 1. 760 
2.2.)9 0.1.58 0 . .356 1. 850 
.31 1.689 0.168 0 • .)72 1. .3.30 
1. 4.)2 0.194 0.400 1.020 
1.6.)9 0.168 0 . .)60 1. .)60 
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Table 2J. Cation concentrations and cation milliequivalent 
ratios for smooth bromegrass with the N1K1 treat-ment during April and May 1972 
K to 
(Ca + Mg) 
Date % K % Mg % Ca meqjmeq 
April 22 J-.537 0.162 0.4)2 2.580 
2.9JJ 0.158 0.482 2.020 
J.4.52 0.146 0.410 2.710 
24 J.412 0.154- O.J92 2.700 
J.J27 0.1.51 O.J82 2.690 
2.280 0.148 0.370 2.7JO 
26 J.JOJ 0.14-9 0. 4-4-0 2.4-60 
J.062 0.163 0.4-26 2.250 
J.J54 0.192 0.426 2.Jl0 
28 J.4-24 0.179 O.J84 2._570 \ 
J.ll6 0.160 0.412 2.]60 
J.085 0.169 0.4.50 2.160 
JO J.J27 0.176 O.J88 2.500 
J.l90 0.1.57 O.J64 2.610 
J.l71 0.160 O.J82 2.510 
IV:ay 2 J.514 0.170 0.514 2.260 
J.85J 0.160 O.J66 J.lJO 
J.40.5 0.160 0.410 2.580 
4 J.79.5 O.lJ8 o. 4-18 J.OOO 
J.721 O.lJl o.4J6 2.920 
J.865 O.lJl 0.424 J.090 
6 J-970 0.149 0.410 J.090 
J.9J9 0.1.55 0.450 2.850 
J.951 0.162 0. 4-98 2.640 
8 J.982 0.161 o.4J4 2.910 
J.849 0.163 O.J64 J.lOO 
J.740 O.lJJ 0.390 J.lJO 
10 J.9J9 O.lJ6 O.J50 J.soo 
J.9J9 0.1)2 0.]56 J.soo 
J.482 0.173 0.424 2.510 
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Table 23. (Continued) 
K to 
(Ca + Mg) 
Date % K % Mg % Ca meq/meq 
May 12 3.826 0.127 0.398 3.220 
3.986 0.125 0.380 3.480 
3.861 0.132 0.396 3.210 
14 3.108 0.174 0.262 2.890 
3.884 0.117 0.284 4.150 
3.853 0.126 0.320 3.720 
16 3.436 0.158 0.334 2.950 
3.643 0.112 0.282 3.980 
3.514 0.117 0.304 3.6oo 
31 2.906 0.144 0.346 2.540 
2.890 0.130 0.308 2.830 
2.636 0.145 o. 352 2.280 
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Table 24. Cation concentrations and cation milliequivalent 
ratios for smooth bromegrass with the N1K2 treat-ment during April and May 1972 
K to 
(Ca + Mg) 
Date % K % Mg % Ca meq/meq 
April 22 J.249 0.162 O.J88 2.530 
J.lJ9 0.174 o.soo 2.040 
J.604 0.178 0.454 2.460 
24 J.292 0.160 O.J92 2.570 
J.l40 0.175 0.422 2.250 
J.J89 0.176 o.4J6 2.J80 
26 J.268 0.180 0.414 2.J50 
J.OJ8 0.191 0.444 2.040 
J.906 0.174 0.454 2.000 
28 J.l24 0.187 0.486 2.010 
J.l24 0.184 0.468 2.070 
J.ll6 0.172 0.466 2.1JO 
JO J.268 0.178 0.420 2.J40 
J.069 0.189 0.4JO 2.110 
2.909 0.20J 0.490 1.800 
May 2 J.526 0.169 0.350 2.860 
J.J70 0.178 O.J76 2.570 
J.4J6 0.199 o.4JO 2.Jl0 
4 J.5JO O.lJ6 0.4J6 2.730 
J.510 0.162 0.442 2.530 
J.810 0.162 0.460 2.680 
6 J.861 0.168 0.418 2.840 
J.849 0.167 0.412 2.860 
J.9J5 0.168 o.4JO 2.730 
8 3·799 0.150 0.406 2.970 
J.740 0.161 O.J76 2.980 
4.1JO 0.184 0.458 2.770 
10 J.9J9 0.156 O.J90 J.l10 
J.881 0.155 O.J66 J.l90 
J.522 0.188 O.J26 2.820 
lOJ 
Table 24. (Continued) 
K to 
(Ca + Mg) 
Date % K % Mg % Ca meq/meq 
May 12 4.076 0.145 0.376 J.J80 
J.8J8 O.lJ6 O.J42 ;.460 
J.662 0.175 0.428 2.610 
14 J.814 O.lJJ 0.280 J.900 
J.588 O.lJl 0.274 J.7JO 
J.J8l 0.158 O.JJ8 2.880 
16 J.920 O.lJ4 0.266 4.100 
J.62J 0.121 0.270 J.940 
J.l40 0.150 0.)12 2.860 
Jl 2.800 O.lJJ 0.)16 2.670 
2.625 0.150 O.Jl8 2.)70 
J.Ol5 0.152 0.)68 2.490 
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Table 25. Cation concentrations and cation milliequivalent 
ratios for smooth bromegrass with the N1K3 
treat-
ment during April and May 1972 
K to 
(Ca + Mg) 
Date %K % Mg % Ca meq/meq 
April 22 J.l98 0.181 0,)88 2.)80 
J.167 0.202 0.410 2.180 
;.615 0.179 0.)66 2.790 
24 J.OJ8 0.187 0.)48 2.)60 
J.l40 0.199 O.JJ8 2.400 
2.7_34 0.194 0.)56 2.060 
26 J.245 0.172 0.)22 2.740 
J.062 0.216 0.400 2.070 
J.116 0.208 0.408 2.120 
28 J.OJ8 0.19.3 0.466 1.980 
J.OJO 0.2,31 0.404 1.970 
2.867 0.214 0.422 l. 890 
JO J.Jl5 0.210 0.)88 2.)00 
J.069 0.217 0._364 2.170 
).296 0.226 0.)98 2.180 
May 2 J.498 0.198 0._364 2.590 
J.444 0.216 0.374 2.400 
J.5JJ 0.186 0.)28 2.840 
4 J.810 0.158 0.)66 J.100 
J. 845 0.169 0.408 2.860 
J.810 0.161 0.)80 ).020 
6 4.076 0.186 0.,378 ,3.040 
4.048 0.191 0.402 2.880 
4.1,30 0.168 0.370 ).260 
8 4.2J9 0.142 0.370 J.590 
J.982 0.174 0.)90 ,3.000 
4.)60 0.162 0.354 ).580 
10 J.760 0.162 0.,366 ,3.0,30 
J.900 0.166 0.312 J.400 
J.880 0.152 O.J42 J.J40 
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Table 25. (Continued) 
K to 
Date % K % Mg 
{Ca + Mg) 
% Ca meq/meq 
May 12 ).986 0.161 O.J42 J.J60 
).926 0.15.5 O.J46 J. 2.50 
J.986 0.1)2 O.Jl2 ;.840 
14 J.6Jl 0.148 0.262 ;.660 
J.71J 0.142 0.252 ).900 
).760 O.lJ7 0.278 J.810 
16 4.150 0.156 0.244 4.220 
J.62J 0.143 0.258 ).750 
;.64; 0.120 0.218 4.470 
Jl 2.6]6 0.150 0.262 2.660 
2.800 0.146 0.262 2.840 
J.l24 0.156 0.294 2.900 
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Table 26. Cation concentrations and cation milliequivalent 
ratios for smooth bromegrass with the N2K0 treat-ment during April and May 1972 
K to 
Date % K % Mg % Ca 
(Ca + Mg) 
meq/meq 
April 22 2.129 0.222 0.5J8 1.200 
2.406 0.228 0.500 1.400 
2.274 0.226 0.562 1.240 
24 2.1JJ 0.226 0.540 1.190 
2.254 0.218 0.512 1.)20 
2.J75 0.224 0.494 1.400 
26 2.000 0.2)0 0.564 1.080 
2.480 0.2)2 0.510 1.420 
2.051 0.2JJ 0.482 1.210 
28 1.8)7 0.2)6 0.612 0.940 
2.145 0.259 0.658 1. 010 
2.040 0.140 0.554 l.JJO 
JO 2.008 0.224 0.870 0.8)0 
).296 0.19) O.JJ4 2.580 
2.086 0.224 0.484 1.250 
May 2 1.997 0.226 0.720 0.9)0 
).280 0.210 0.)94 2.260 
2.289 0.221 0.464 1.410 
4 1.880 0.190 0.464 1.240 
1.962 0.194 0.486 1.240 
2.)91 0.186 0.488 1.540 
6 2.008 0.2)9 0.588 1.040 
2.266 0.244 0.5J4 1.240 
2.)05 0.246 0.546 1.240 
8 2.219 0.214 0.516 1.250 
2.)01 0.210 0.468 1.440 
2.129 0.2)5 0.520 1.190 
10 1.829 0.241 0.524 0.010 
1.981 0.226 0.484 1.180 
1.849 0.200 0.508 l.lJO 
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Table 26. (Continued) 
K to 
Date % K % Mg % Ca 
(Ca + Mg) 
meqjmeq 
May 12 l.J61 0.2JO 0.570 0.7JO 
1. 864 0.242 0.592 0.960 
2.126 0.210 0.498 1.290 
14 1.451 0.217 O.J94 0.980 
1.451 0.196 O.J52 1.100 
1.599 0.206 0.404 1.100 
16 1.502 0.217 O.J86 l.OJO 
1.876 0.276 O.J82 1.140 
1.650 0.220 O.J78 1.140 
Jl 1.147 0.2JJ o.4J8 0.710 
LJJ8 0.211 0.404 0.910 
l.J49 0.268 0.516 0.720 
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Table 27. Cation concentrations and cation milliequivalent 
ratios for smooth bromegrass with the N2K1 treat-ment during April and May 1972 
K to 
Date % K % Mg 
(Ca + Mg) 
% Ca meg/meq 
April 22 J.J27 0.176 0.400 2.460 
2.624 0.20) 0.522 l. 570 
].218 0.186 0.418 2.270 
24 ].050 0.169 0.422 2.220 
2.792 0.179 0.414 2.010 
2.J?5 0.16) 0.)88 1.850 
26 2.906 0.179 0.488 1.900 
J.097 0.166 0.412 2.Jl0 
).2?6 0.157 0.)88 2.580 
28 2.761 0.185 0.456 l. 850 
2.753 0.175 0.456 l. 890 
2.6)6 0.197 0.466 l. 700 
JO ).202 0.173 o.4JO 2.290 
J.069 0.182 0.404 2.220 
J.J15 0.178 0.)88 2.490 
May 2 ).724 0.166 0.]40 ).100 
J.lJ2 0.176 0.)66 2.4JO 
3.845 0.163 0.356 ).140 
4 3.490 0.1)8 0.4]6 2.690 
J.JJ1 0.1)2 0.)98 2.760 
J.845 0.16) 0.)56 3.140 
6 ).455 0.160 0.410 2.620 
J.JJl 0.132 0.398 2.760 
J.541 0.162 0.442 2.550 
8 ).682 0.154 0.412 2.8JO 
].682 0.176 0.436 2.590 
].740 0.166 0.485 2.610 
10 J.?Ol 0.169 0.410 2.740 
J.280 0.176 0.436 2.JOO 
J.9J9 O.lJJ 0.352 J.510 
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Table 27. (Continued) 
K to 
Date %K % Mg % Ca 
(Ca + Mg) 
meqjmeq 
May 12 3.6oo 0.148 0.358 3.060 
2.976 0.174 0.402 2.220 
3.611 0.1.57 0.396 2.810 
14 2.894 0.146 0.344 2 • .520 
3.362 0.1.5.5 0.300 3.080 
3.4.51 0.157 0.290 3.210 
16 3.268 0.172 0.344 2.660 
3.026 0.167 0.330 2 • .5.50 
3.311 0.166 0.330 2.800 
31 2.083 0.203 0.416 1.930 
2.391 0.179 0.364 1. 8.50 
2.227 0.164 0.352 1.820 
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Table 28. Cation concentrations and cation milliequivalent 
ratios for smooth bromegrass with the N2K2 treat-ment during April and May 1972 
K to 
(Ca-t lVlg) 
Date % K % Mg % Ca meq/meq 
April 22 2.859 0.194 0.428 0.950 
2.7)0 0.205 0.422 1.8)0 
2.851 0.208 0.476 1. 780 
24 2.6)2 0.186 0.4)6 1.810 
2.566 0.197 0.414 1. 770 
2.576 0.198 0.450 1.6)0 
26 2.5Jl 0.199 0.456 1.650 
2.)17 0.220 0.478 1.410 
2.582 0.199 0.464 1.660 
28 2.824 0.199 0.464 1.820 
2. 547 0.2)9 0.502 1.450 
2.)17 0.246 0.478 1.)40 
30 2.816 0.222 0.462 1. 740 
2.820 0.228 0.480 0.680 
2.594 0.202 0.4)0 2.110 
I'ilay 2 ).116 0.204 0.454 2.010 
J. 526 0.172 0.418 2.570 
).159 0.202 0.4)0 2.110 
4 2.644 0.188 0.480 1.710 
).069 0.190 0.450 2.050 
J.OJlt 0.193 0.506 1.880 
6 ).229 0.200 o.l.J-96 2.250 
J.lltO 0.210 o.l.J-46 2.020 
).296 0.204 o.l.J-26 2.210 
8 ).159 0.178 o.l.J-24 2.250 
2.929 0.202 0.494 1.810 
).409 0.205 0.420 2.290 
10 2.960 0.182 o.l.J-16 2.110 
).159 0.206 0.420 2.120 
).011 0.212 0.)26 2.270 
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Table 28. (Continued) 
K to 
Date % K % Mg 
( Ca + IVlg) 
% Ca meq/meq 
May 12 2.839 0.196 0.502 1. 760 
2.664 0.210 o.432 1. 750 
2.987 0.208 o.432 1.970 
14 3.026 0.180 0.328 2.470 
2.718 0.191 0.310 2.220 
3.543 0.188 o. 338 2.000 
16 2.523 0.186 0.334 2.010 
2.660 0.180 0.282 2.350 
2.675 0.178 0.308 2.270 
31 2.126 0.208 o.436 1.400 
1.802 0.202 0.346 1.350 
2.024 0.182 0.330 1.640 
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Table 29. Cation concentrations and cation milliequivalent 
ratios for smooth bromegrass with the N2K3 
treat-
ment during April and May 1972 
K to 
(Ca + Mg) 
Date % K % Mg % Ca meq/meq 
April 22 J.218 0.220 0.392 2.180 
2.730 0.226 0.442 1. 710 
2.851 0.215 0.406 1.910 
24 J.l94 0.215 0.370 2.250 
2.668 0.217 0.406 1. 780 
2.264 0.245 0.462 1.560 
26 2.980 0.2J9 o.4J2 1.840 
J.J7J 0.221 O.J84 2.300 
2.874 0.2J8 0.428 1. 790 
28 J.214 0.240 0.450 1.940 
2.785 0.2JJ 0.440 1. 720 
2.605 0.253 0.554 l.J70 
JO J.069 0.211 0.)60 2.210 
J.J46 0.212 O.J40 2.470 
2.84) 0.218 0.370 1.990 
Ivlay 2 J. 545 0.205 O.JJ4 0.690 
J.416 0.199 0.410 2.)60 
J.4J6 0.226 O.J74 2.J50 
4 J.561 0.168 0.356 2.870 
3·596 0.194 0.424 2.470 
).167 0.168 0.)86 2.440 
6 J.9J9 0.198 0.)76 2.860 
J.565 0.226 0.4)6 2.250 
J.666 0.210 0.404 2.490 
8 J.799 0.190 0.350 2.920 
J.292 0.196 0.)76 2.400 
J.OJ8 0.199 O.J94 2.150 
10 J.JJ8 0.196 O.J82 2.420 
J.44o 0.188 O.J42 2.690 
J.JJ8 0.210 O.J86 2.JJO 
llJ 
Table 29. (Continued) 
K to 
Date %K % :Mg % Ca 
(Ca + Mg) 
meq/meq 
May 12 J.412 0.185 O.J96 2.490 
J.214 0.175 O.JJO 2.650 
2.86J 0.180 0.358 2.2JO 
14 2.894 0.16J 0.262 2.780 
2.921 0.196 0.288 2.440 
J.OJ4 0.176 0.280 2.710 
16 J.260 0.190 0.258 2.910 
2.660 0.214 O.J08 2.050 
2.769 0.191 0.296 2.Jl0 
J1 1.888 0.194 O.J64 1.410 
1.587 0.217 0.500 0.940 
2.227 0.220 O.J96 1.500 
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Table JO. Cation-exchange capacity, percent saturation K, Mg, 
Ca, and Na, and total percent base saturation for 
the soil 0-2.54 em depth 
Treat- Percent saturation 
ment CEC K Mg Ca Na Total 
NoKo 15.40 5.)9 20.60 69.20 2.27 97.46 
18.60 5.00 17.60 6,3.40 1. 51 87.51 
18.20 4.45 19.50 70.00 1.10 95.05 
NOKl 16.00 8.81 18.60 6,3.80 J.OO 94.22 
20.00 9·.35 16.20 60.)0 o. 9 5 86.85 
18.00 8.88 18.20 69.70 2.22 99.00 
NOK2 17.60 7·.39 19.50 6).90 4.60 95.J9 
18.20 8.96 19.20 65.40 2.25 95· 81 
19.00 ?.58 17.80 67.10 1.05 9.3.53 
N0KJ 15.80 8.42 26.80 57.00 4.24 96.46 18.20 8.85 27.40 5J.80 1.54 91.59 
20.00 8.J5 25.30 56.70 1.40 91.75 
N1KO 15.00 6.1J 17.80 59·70 J.80 87.4.3 
19.00 J.6J 15.20 5J.70 1.26 7J.79 
19.60 4.1J 16.00 58.70 0.97 79.80 
NlKl 16.60 7.41 14.10 51.50 2.05 75.06 
17.80 7.30 lJ.JO 5J.l0 2.JO 76.00 
17.20 6.28 1,3.80 56.10 2.91 79.09 
NlK2 18.20 7.47 14.50 54.90 1.10 77.97 
17.40 6.21 14.80 51.40 7.01 79.42 
19.20 4.43 1.3.70 5J.40 1.46 72.99 
N1KJ 17.60 7.56 21.60 49.40 1.14 79.70 18.00 6.11 22.10 47.50 2.J9 78.10 
17.60 6.14 21.80 52.80 1.59 82.JJ 
N2KO 17.80 J.09 11.70 41.00 J.88 59.67 
18.40 4.J5 12.00 45.70 2.8J 64.88 
19.40 2.68 11.50 44.10 0.52 60.80 
N2Kl 16.60 5.06 11.70 45.50 4.10 66.;6 
19.20 5.05 11.10 44.,30 J.54 6).99 
17.00 5.82 ll.JO 44.40 1.41 62.9.3 
N K 16.00 7.56 11.40 41.90 2.81 6J.67 2 2 17.20 4.24 10.90 J9.20 2.7J 57.07 
17.20 4.;6 12.00 4,3.90 1.16 65.78 
N2KJ 17.60 5.6) 17.50 40.90 1. 70 65.73 16.80 4.2J 20.70 44.60 1.19 70.72 
19.20 J.65 16.60 40.40 .3·59 64.24 
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Table JL Cation-exchange capacity, percent saturation K, Mg, 
Ca, and Na, and total percent base saturation for 
the soil 2.54-5.08 em depth 
Treat- Percent saturation 
ment CEC K Mg Ca Na Total 
NoKo 14.80 J.24 17.50 62.10 0.81 8J.65 
18.00 2.8J 16.10 58.30 0.56 77·79 
16.80 2.38 26.40 55.30 0.42 84.50 
NOKl 17.20 4.42 15.50 54.60 0.70 75.22 
18.00 5.72 15.60 61.10 0.33 82.75 
17.20 5.06 16.20 65.60 0.41 87.27 
NOK2 17.40 4.66 16.90 60.00 1.26 82.82 
19.60 4.80 14.50 55.60 1.38 76.28 
18.80 4.04 16.10 64.80 0.11 85.05 
N0K3 15.60 4.87 
20.90 57.60 1.09 84.46 
18.00 5.28 21.10 53.80 0.17 80.J5 
19.00 5.05 20.10 63.10 0.12 88.37 
NlKO 17.00 1.41 16.70 57.00 0.29 75.40 
17.60 1.42 17.80 65.30 0.57 85.09 
17.60 1.59 18.30 37-50 0.40 57.79 
NlK1 17.00 2.88 15.80 57.60 1.76 78.04 
16.40 2.56 18.50 68.90 1.22 91.18 
15.60 2.24 17.60 69.80 1.92 91.56 
NlK2 17.20 J.08 15.90 58.70 1.16 78.84 
18.60 1.94 15.60 58.60 0.70 76.84 
18.20 1. 76 16.60 64.80 0.38 83.54 
N1K3 17.80 3.Jl 
20.20 55.00 1.6) 80.14 
19.20 2.40 20.10 58.80 0.78 82.08 
17.40 2.18 22.10 62.10 0.29 86.67 
N2KO 19.00 1.11 11.20 46.80 1.05 71.)6 
18.00 1.22 9.00 45.00 1.11 56.JJ 
16.80 1.13 14.20 60.10 0.95 76.38 
N2K1 16.00 1.69 12.60 50.60 o.6J 65.52 
20.60 1.36 10.80 46.10 0.29 58.55 
16.80 1. 7J 12.30 51.10 0.36 65.49 
N2K2 16.60 1.81 9.60 40.JO 1.08 53-79 
16.40 1. 52 11.50 46.90 1.28 61.20 
16.20 1.17 13.80 56.70 0.62 72.29 
N2KJ 18.60 1.94 15.90 37.60 1.13 56.57 16.40 1.46 18.80 42.60 2.44 65.)0 
18.00 1.17 17.10 48.30 0.89 67.46 
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Table J2. Cation-exchange capacity, percent saturation K, Mg, 
Ca, and Na, and total percent base saturation for 
the soil 5.08-7.62 em depth 
Treat- Percent saturation 
ment CEC K Mg Ca Na Total 
NoKo 14.60 2.5~ 16.20 57· 50 l.JO 77.55 
16.00 2.9 16.JO 6).70 o.6J 8J.57 
16.60 1. 91 17.70 68.60 l. 02 89.23 
NOKl 16.60 2.74 15.00 54.20 0.96 72.90 
17.00 4. 28 15.00 54.20 0.96 72.90 
16.40 4.1J 15.30 59.10 1. 52 80.05 
NOK2 16.80 J.08 14.90 55.90 0.77 74.65 
18.00 J.8J 15.10 58.JO 1.8J 79.06 
18.40 J.OJ 15.70 64.60 0.76 84.09 
N0KJ 16.00 J.l8 17.00 55.60 0.75 76.55 15.60 J.88 19.00 57.00 O.J2 80.20 
19.20 J.5J 16.80 65.60 0.94 86.87 
N1KO 15.60 1.44 17.40 58.90 0.77 78.51 
17.80 1.4J 16.60 58.90 0.7J 77.66 
18.20 1.48 16.JO 70.JO 1.26 89.J4 
N1K1 15.80 1.45 18.70 62.00 1.08 8J.2J 
16.00 1. 79 17.60 62.50 l. 69 8J.58 
16.00 l. 81 17.00 65.60 1.69 86.10 
N1K2 18.20 1. 73 15.10 55.40 1. 54 73.77 
15.80 1. 82 17.80 65.10 1.39 86.11 
18.20 1. .59 16.40 45.JO 1.26 64.55 
N1KJ 16.40 1. 87 18.50 59.70 1.34 81.41 17.80 1. 71 17.90 57.80 1. 63 79.04 
16.60 1. 72 18.80 64.40 0.48 85.40 
NzKo 15.20 1.26 14.90 61.10 0.79 78.05 
1?.00 1. J6 1J.50 58.20 l. 59 74.65 
1?.80 1. 37 14.90 51.60 0.45 68.32 
N2K1 15.80 1.26 15.20 59.40 0.89 76.75 
16.80 1. 51 14.50 58.90 l. 01 75.92 
16.00 2.00 16.20 64.JO l. 06 8J • .56 
N2K2 15.00 l.JO lJ.40 56.00 1.40 72.10 
14.80 1. 60 10.20 64.10 1.15 77.0.5 
16.00 1. 50 15.70 65.60 1. 81 84.61 
N2K.J 14.80 1. 51 18.40 53.30 1. 08 74.29 16.20 1.6J 18.40 54.90 2.4? 77.40 
18.80 1. 51 17.30 58.80 1.17 78.78 
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Table 33. Cation-exchange capacity, percent saturation K, Mg, 
Ca, and Na, and total percent base saturation for 
the soil 7.62-15.24 em depth 
Treat- Percent saturation 
ment CEC K Mg Ca Na Total 
NoKo 14.40 2.43 10.20 66.60 1. 67 80.90 
15. L~O 2.27 16.00 62.30 1.23 81.80 
16.40 2.07 17.20 75.60 1. 04 95.91 
NOKl 15.80 2.41 17.20 .58.80 2.66 81.07 
17.40 2.36 15.30 64.30 1.21 83.17 
16.00 2.38 16.50 74.30 o.06 94.24 
r~oK2 16.40 2.13 14.90 59.10 1.46 77.59 
18.00 2.28 15.80 64.40 1. 22 83.70 
19.20 1. 82 15.20 67.70 1. 72 86.44 
N0K3 15.80 3.29 17.40 60.70 1. 33 89.16 16.40 2.44 16.30 61.50 1. 28 81.52 
18.60 2.15 17.30 77.90 1.13 98.48 
NlKO 15.20 1. 91 17.50 66.40 1. 51 87.32 
16.40 1. 89 16.10 64.00 1.22 83.21 
18.20 1.70 16.00 67.00 1.48 86.18 
NlKl 15.60 2.05 17.40 61.50 1. 54 82.49 
14.60 2.05 18.40 73.90 2.05 96.40 
15.60 1. 86 10.00 69.20 1. 09 82.15 
NlK2 16.60 1.93 15.00 61.40 1.63 79-96 
16.60 1.93 15.70 61.40 1.39 80.42 
18.20 1.70 15.70 68.10 1.21 86.71 
NlK3 17.00 2.18 17.40 67.60 1. 76 88.94 
18.40 1. 68 15.70 61.40 1.47 80.25 
16.80 1. 85 17.10 68.40 2.02 89.37 
N2KO 16.00 1.69 16.60 64.30 0.88 83.47 
16.80 1. 73 15.80 64.80 1.39 83.72 
17.60 1.70 16.70 68.70 2.16 89.26 
N2Kl 16.00 1. 81 9.70 64.30 1.31 77.12 
17.00 1. 82 15.50 63.50 2.12 82.94 
16.20 1.85 17.70 75.30 1.42 96.27 
N2K2 15.20 1. 84 9.80 66.40 1.12 79.16 
14.80 1. 89 17.90 62.10 1.62 83.51 
15.80 1. 84 16.80 67.00 1.39 87.03 
N2K3 16.40 1. 77 10.20 61.50 1. 65 75.12 
16.40 1. 83 17.50 65.20 1.71 86.24 
18.00 1. 72 16.60 67.20 1.44 86.96 
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Table J4. Killiequivalents K, Mg, Ca, and Na for the soil 
0-2.54 em depth 
Treat- Mi11ieguiva1ents 
ment K Mg Ca Na 
NoKo O.SJ J.18 10.65 O.J5 
0.9J J.28 11.80 0.28 
0.81 J.54 12.75 0.20 
HOKl 1.41 2.97 10.20 0.48 
1. 87 J.2J 12.05 0.19 
1. 60 J.28 12.55 0.40 
NOK2 1. JO J.4J 11.25 0.81 
1. 63 J.50 11.90 0.41 
1.44 3.38 12.75 0.20 
N0KJ 1.33 4.24 9.00 0.67 1. 61 4.98 9.80 0.28 
1. 67 5.05 11.35 0.28 
NlKO 0.92 2.67 8.95 0.57 
0.69 2.88 10.20 0.24 
0.81 3.13 11.50 0.19 
NlKl 1.23 2.34 8.55 O.J4 
1. JO 2.37 9.45 0.41 
1. 08 2.38 9.65 0.50 
NlK2 1.36 2.63 10.00 o. 20 
1. 08 2.58 8.95 1.22 
0.85 2.6J 10.25 0.28 
N1K3 1.33 3.80 8.70 0.20 1.10 3.98 8.55 o.43 
1. 08 J.83 9.30 0.28 
N2KO 0.55 2.09 7.JO 0.69 
0.80 2.20 8.40 0.52 
0.52 2.23 8.55 0.10 
N2Kl 0.84 1.95 7·55 0.68 
0.97 2.13 8.50 0.68 
0.99 1.92 7·55 0.24 
N2K2 1. 21 1. 82 6.70 0.45 
0.73 1.88 6.75 0.47 
0.75 2.07 7·55 o. 20 
N2KJ 0.99 J.08 7.20 0.30 0.71 J.47 7·50 0.20 
0.70 J.l8 7·75 0.69 
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Table .35. Milliequivalents K, Mg, 
2.54-5.08 em depth 
Ca, and Na for the soil 
Treat- Millieguivalents 
ment K Mg Ca Na 
NoKo 0.48 2.60 9-25 0.12 
0.51 2.91 10.55 0.10 
0.40 4.44 15.45 0.07 
NOKl 0.76 2.67 9.45 0.12 
l. OJ 2.81 11.05 0.06 
0.87 2.80 ll.JO 0.07 
NOK2 0.81 2.95 10.65 0.22 
0.94 2.85 10.95 0.26 
0.76 ).04 12.20 0.02 
N0KJ 0.76 ).26 9.00 0.17 
0.95 ).80 9·75 O.OJ 
0.96 ).82 12.05 0.22 
NlKO 0.24 2.85 9-75 0.05 
0.25 ).14 11.55 0.10 
0.28 J.2J 6.60 0.07 
NlK1 0.49 2.70 9.85 0.30 
0.42 J.04 11.)5 0.20 
0.)5 2.76 10.90 O.JO 
NlK2 0.5J 2.75 10.15 0.20 
0.)6 2.91 10.95 0.1) 
0.)2 ).OJ 11.80 0.07 
N r,; 0.59 ).61 9.80 0.29 1l~J 
0.46 ).86 11.)0 0.15 
0.)8 J.86 10.80 0.05 
N2KO 0.21 2.1) 8.90 0.20 
0.22 l. 62 8.10 0.20 
0.19 2.40 10.15 0.16 
N2K1 0.27 2.02 8.10 0.10 
0.28 2. 2LJ- 9·55 0.06 
0.29 2.07 8.60 0.06 
N2K2 O.JO l. 61 6.70 0.18 
0.25 1.90 7.70 0.21 
0.19 2.25 9.25 0.10 
N2KJ 0.)6 2.96 7.00 0.21 0.24 ,3.09 7.05 0.40 
0.21 J. 09 8.70 0.16 
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Table J6. Milliequivalents K, Mg, Ca, and Na for the soil 
5.08-7.62 em depth 
Treat- Millieguivalents 
ment K Mg Ca Na 
NoKo O.J7 2.J7 8.45 0.19 
0.47 2.62 10.20 0.10 
0.)2 2.95 11.45 0.17 
NOK1 0.45 2.50 9.05 0.16 
0.7J 2.56 10.50 0.17 
0.68 2. 52 9.75 0.25 
NoK2 0. 52 2.51 9.45 O.lJ 
0.69 2.72 10.50 0.33 
0.56 2.89 11.95 0.14 
N0KJ 0.50 2.7) 8. 95 0.12 0.61 2.97 8.95 0.05 
0.68 J.24 12.65 0.18 
N K 0.22 2.72 9.25 0.12 1 0 0.25 2.96 10.55 O,lJ 
0.27 2.97 12.80 0.23 
NlKl 0.2J 2.96 9.80 0.17 
0.29 2.82 9.95 0.27 
0.29 2·. 72 10.55 0.27 
N1K2 0.)1 2.76 10.15 0.28 
0.29 2.82 10.25 0.22 
0.29 2.98 8.25 0.23 
N1K3 0.30 3.04 9.80 0.22 
0.30 ).20 10.30 0.29 
0.29 3.1) 10.75 0.08 
N2Ko 0.19 2.27 9.30 0.12 
0.2J 2.)1 9.90 0.27 
0.24 2.66 9.90 0.08 
N2Kl 0.20 2.41 9.45 0.14 
0.25 2.45 9.90 0.17 
0.)2 2.60 10.)0 0.17 
N2K2 0.20 2.02 8.45 o. 21 
0.24 1. 51 9. 50 0.17 
0.24 2.51 10.50 0.29 
N2K3 0.22 2.7J 7.95 0.16 0.26 2.99 8.95 0.40 
0.27 J.lJ 10.65 0.21 
121 
Table 37. Milliequivalents K, Mg, Ca, and Na for the soil 
7.62-15.24 em depth 
Treat- Millieguiva1ents 
ment K Mg Ca Na 
NoKo 0.35 1.48 9.60 0.24 
0.35 2.47 9.55 0.19 
O.J4 2.8) l2.J5 0.17 
NOKl O.J8 2.7J 9.)0 0.42 
0.41 2.67 11.15 0.21 
0.)8 2.65 11.85 0.17 
NOK2 O.J5 2.45 9.70 0.24 
0.41 2.86 11.60 0.22 
0.35 2.9J 1J.OO O.JJ 
NOKJ 0.52 2.75 9.60 0.21 
0.40 2.68 10.10 0.21 
0.40 J.2J 14.45 0.21 
N1KO 0.29 2.66 10.10 0.2) 
O.J1 2.65 10.50 0.20 
O.J1 2.92 12.20 0.27 
N1K1 0.)2 2.72 9.60 0.24 
O.JO 2.70 10.80 O.JO 
0.29 1. 56 10.80 0.17 
N1K2 0.)2 2.49 10.20 0.27 
0.)2 2.61 10.20 0.2) 
O.J1 2.86 12.J5 0.22 
N1KJ 0.)7 4.66 16.25 O.JO O.J1 2.89 11.25 0.27 
0.31 2.88 11.45 O.J4 
N2KO 0.27 2.66 10.30 0.14 
0.29 2.66 10.95 0.15 
O.JO 2.94 12.05 0.)8 
N2K1 0.29 1. 56 10.JO 0.21 
0.31 2.65 10.75 O.J6 
0.30 2.87 12.20 0.23 
N K 0.28 1. 50 10.10 0.17 2 2 0.28 2.64 9.15 0.24 
0.29 2.66 10.60 0.22 
N2K.3 0.29 1.68 10.05 0.27 O.JO 2.88 10.70 0.28 
0.31 2.99 12.05 0.26 
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Table J8. Soil pH and buffer pH for the soil 0-7.62, ?.62-
15.24, 15.24-J0.48 em depths 
o-z.62 z.62-1,2.24 1,2-24-:,20.48 
Treat- Soil Buffer Soil Buffer Soil Buffer 
ment pH pH pH pH pH pH 
NoKo 6.10 6.60 s. 90 6.40 6.20 6.60 
6.30 6.60 6.10 6.50 6.20 6.60 
6.40 6.80 6.40 6.70 6.50 6.80 
NOKl 6.00 6.50 s. 90 6.40 6.10 6.60 
6.20 6.60 6.10 6.50 6.10 6.60 
6. 50 6.70 6.40 6.?0 6.60 6.80 
NOK2 6.10 6.50 5.80 6.40 6.00 6.50 
6.10 6.50 s. 90 6.40 6.00 6.50 
6.50 6.?0 6.50 6.80 6.50 6.70 
N0KJ 6.30 6.60 6.00 6.60 s. 90 6.60 6.40 6.70 6.10 6.60 6.20 6.70 
6.70 6.80 6.60 6.80 6.60 6.80 
NlKO 6.00 6.60 6.10 6.60 6. 20 6.60 
6.00 6.50 6.10 6.50 6. 20 6.60 
6.30 6.80 6.30 6.?0 6.60 6.80 
N1K1 s. 90 6.40 6.00 6.40 6.10 6.50 
6.00 6.50 6.10 6.60 6.20 6.60 
6.00 6.50 6.10 6.60 6.40 6.80 
N1K2 6.00 6.50 5.80 6.40 5.90 6.50 
6.00 6.40 6.10 6.40 6.20 6.50 
6.00 6.50 6.20 6.60 6.30 6.60 
N1KJ 5.90 6.40 5.90 6.40 6.00 6.50 5.80 6.40 6.00 6.40 6.00 6.50 
6.00 6.60 6.30 6.?0 6.40 6.80 
N2Ko 5.40 6.10 5.80 6.40 6.00 6.50 
5.30 6.10 5.80 6.30 6.10 6.50 
5.40 6.20 6.10 6.50 6.30 6.?0 
N2K1 5.20 6.10 6.00 6.50 6.10 6.60 s.Jo 6.10 5.90 6.40 6.10 6.50 s. 20 6.10 6.00 6.60 6.30 6.70 
N2K2 5.30 6.10 5.80 6.40 6.00 6.50 
5.20 6.10 6.00 6.50 6.10 6.50 
5.40 6.20 6.00 6.60 6.20 6.60 
N2K3 5.20 6.00 5.60 6.20 5.80 6.40 s.Jo 6.20 5.90 6.50 6.00 6.60 
5. 20 6.10 s. 90 6.50 6.10 6.60 
